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Abstract of EP0601837 

There is provided an image input device- 
integrated type display device concurrently 
having an image display function, a document 
image input function, and a pen input function. A 
common electrode (Y) of the image input device- 
integrated type display unit (1) is formed on a 
glass plate (28). A segment electrode (X) is 
formed on a micro lens (27) of a glass plate (29). 
An island electrode (23) located at each pixel is 
connected to the segment electrode (X) via a 
photoconductor (22). Liquid crystals (21) are 
interposed between the common electrode (Y) 
and the island electrode (23). In an image input 
mode, light reflected on a document is applied to 
the photoconductor (22) to control a voltage 
applied to the liquid crystals (21). In a pen input 
mode, light from an input pen is applied to the 
photoconductor (22) to control a voltage applied 
to the liquid crystals (21). In an image display 
mode, a voltage applied to the liquid crystals (21) 
is controlled according to image data of each 
pixel. Thus brightness data of the document, 
position data of the input pen, and image data 
corresponding to a display signal are written into 
the image input device-integrated type display 
unit (1). 
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(54) Image input device-integrated type display device. 

(57) There is provided an image input device- 
integrated type display device concurrently hav- 
ing an image display function, a document 
image input function, and a pen input function. 
A common electrode (Y) of the image input 
device-integrated type display unit (1) is formed 
on a glass plate (28). A segment electrode (X) is 
formed on a micro lens (27) of a glass plate (29). 
An island electrode (23) located at each pixel is 
connected to the segment electrode (X) via a 
photoconductor (22). Liquid crystals (21) are 
interposed between the common electrode (Y) 
and the island electrode (23). In an image input 
mode, light reflected on a document is applied 
to the photoconductor (22) to control a voltage 
applied to the liquid crystals (21). In a pen input 
mode, light from an input pen is applied to the 
photoconductor (22) to control a voltage ap- 
plied to the liquid crystals (21). In an image 
display mode, a voltage applied to the liquid 
crystals (21) is controlled according to image 
data of each pixel. Thus brightness data of the 
document, position data of the input pen, and 
image data corresponding to a display signal 
are written into the image input device-inte- 
grated type display unit (1). 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an image input 
device-integrated type display device for use in an in- 
formation apparatus such as a personal computer, a 
word processor, or an electronic notebook. 

2. Description of the Prior Art 

Information apparatuses such as a personal 
computer and a word processor are demanded to be 
further compacted and have a higher performance. 
In recent years, liquid crystal display devices are in- 
creasingly used as a display unit for the information 
apparatuses in order to comply with the demand for 
compacting and reducing the weight of the appara- 
tuses. 

Besides, as a data input device for the above- 
mentioned information apparatuses, there are in- 
creasingly used an image scanner (for taking out an 
object image to be input as an electric signal) and a 
tablet (for designating an input position by means of 
a pen) other than a keyboard. 

However, to constitute an apparatus having an 
image display function, image input function, and 
pen input function, there has been conventionally no 
way except for the method of combining independent 
hardware units of a display device, an image scanner, 
and a tablet. 

When such independent hardware units are com- 
bined to constitute an apparatus, there are per- 
formed only data communications between the hard- 
ware units by means of electric signals, where the 
hardware units are not combined effectively and or- 
ganically. 

However, when independent hardware units of a 
display device, an image scanner, and a tablet are 
merely combined with each other to constitute an ap- 
paratus in a manner as described above, the resulting 
apparatus is inevitably dimensionally increased. Fur- 
thermore, even when the hardware units have there- 
in common components, the components are to be 
redundantly used to result in significant wastefulness 
in terms of space and cost 

Particularly, the aforementioned Image scanner 
is a bulky unit having a drive section, and therefore it 
is almost impossible to assemble an apparatus by in- 
tegrating the image scanner with other hardware 
units. 

SUMMARY OF THE INVENTION 

The object of the present invention is therefore to 
provide a compact image input device- integrated 
type display device which concurrently has an image 
display function, a document image input function, 



and a pen input function. 

In order to achieve the aforementioned object, 
there is provided an image input device-integrated 
type display device comprising: a display unit having 

5 a plurality of transparent segment electrodes ar- 
ranged in parallel with each other on a transparent 
substrate; a plurality of transparent common electro- 
des arranged in parallel with each other on another 
transparent substrate, said common electrodes be- 

10 ing perpendicular to said segment electrodes, a pho- 
toconductor electrically connected to either the seg- 
ment electrode or the common electrode and ar- 
ranged in a pixel composed of an area of intersection 
between the segment electrode and the common 

15 electrode, a transparent island electrode electrically 
connected to the photoconductor and arranged in be- 
tween the segment electrode and the common elec- 
trode relevant to the pixel, liquid crystals interposed 
between the island electrode and an electrode which 

20 is one of the segment electrode and the common 
electrode and is not electrically connected to the pho- 
toconductor, and a light shielding film for shielding 
only light entering from the side of the electrode 
which is one of the segment electrode and the com- 

25 mon electrode and is not electrically connected to the 
photoconductor so that the light does not reach the 
photoconductor; a display illumination light source 
which irradiates display illumination light in displaying 
an image on a pixel matrix composed of areas of in- 

30 tersections between the plural segment electrodes 
and the plural common electrodes of the display unit; 
a document illumination light source which irradiates 
document illumination light in copying an optical im- 
age of a document into the pixel matrix of the display 

35 unit; a control light source which irradiates control 
light for optically controlling turning-on and turning- 
off of a voltage to be applied to liquid crystals of the 
display unit; a display control circuit which outputs a 
display signal for displaying an image on the pixel ma- 

40 trix of the display unit; an image input control circuit 
which outputs an image input signal for copying an 
optica! image of the document into the pixel matrix of 
the display unit; an image read control circuit which 
outputs an image read signal for reading image data 

45 written in the liquid crystals of each pixel constituting 
the pixel matrix of the display unit in the form of an 
electric signal; a segment electrode drive circuit 
which drives the segment electrode based on the dis- 
play signal from the display control circuit, the image 

so input signal from the image input control circuit, or the 
image read signal from the image read control circuit; 
a common electrode drive circuit which drives the 
common electrode based on the display signal from 
the display control circuit, the image input signal from 

55 the image input control circuit, or the image read sig- 
nal from the image read control circuit; an image data 
detection circuit which detects the image data written 
in the pixel matrix of the display unit in the form of an 
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electric signal; and a control circuit which copies the 
optical image of the document into the pixel matrix by 
controlling the image input control circuit, the docu- 
ment illumination light source, and the control light 
source in an image input mode, reads the image data 
written in the pixel matrix in the form of an electric sig- 
nal by controlling the image read control circuit, the 
image data detection circuit, and the control light 
source in an image read mode, and displays an image 
on the pixel matrix by controlling the display control 
circuit and the display illumination light source in an 
image display mode. 

According to the above, at the pixel on which re- 
flection light is incident from a white area of a docu- 
ment in the pixel matrix of the display unit set in the 
initial state under the control of a control circuit in the 
image input mode, the resistance of the photocon- 
ductor on which the reflection light strikes is made to 
have a low resistance, while a voltage is applied to the 
liquid crystals by the segment electrode drive circuit 
and the common electrode drive circuit based on the 
image input signal from the image input control circuit 
to thereby change the alignment state of the above- 
mentioned liquid crystals. 

Thus, the optical image of the document is cop- 
ied into the above-mentioned pixel matrix. 

Furthermore, in the image read mode, the resis- 
tance of the photoconductor of the pixel on which the 
control light is incident under the control of the above- 
mentioned control circuit is made to have a low resis- 
tance, while a voltage based on the image read signal 
from the image read control circuit is applied to the 
segment electrode or the common electrode. Then 
the image data written in the above-mentioned pixel 
matrix are detected as an electric signal by the image 
data detection circuit. 

Furthermore, in the image display mode, the re- 
sistance of the photoconductor of the pixel on which 
the display illumination light is incident under the con- 
trol of the above-mentioned control circuit is made to 
have a low resistance, while a voltage based on the 
display signal from the display control circuit is ap- 
plied to the aforementioned liquid crystals to thereby 
change the alignment state of the liquid crystals ac- 
cording to the above-mentioned display signal. 

Thus, an image corresponding to the display sig- 
nal from the above-mentioned display control circuit 
is written into the above-mentioned pixel matrix. 

In an embodiment, phase transition type liquid 
crystals having a storage function are used as the liq- 
uid crystals. 

According to the embodiment, in the aforemen- 
tioned image input mode, the alignment state of the 
phase transition type liquid crystals is changed from 
the Grandjean state to thefocalconic state and stored 
in the liquid crystals by the reflection light from the 
white area of the document to copy the optical image 
of the document into the above-mentioned pixel ma- 



trix. Furthermore, in the aforementioned image dis- 
play mode, the alignment state of the phase transition 
type liquid crystals is changed into the above- 
mentioned Grandjean state or the focal conic state 
5 and stored in the liquid crystals according to the 
aforementioned display signal to write the image cor- 
responding to the above-mentioned display signal 
into the above-mentioned pixel matrix. 

Furthermore, the phase transition type liquid 

10 crystals exhibit a dielectric constant corresponding to 
the alignment state thereof. Therefore, in the afore- 
mentioned image read mode, a voltage signal which 
is, when a voltage is applied to one of the segment 
electrode and the common electrode, induced at the 

15 other electrode is detected by the aforementioned 
image data detection circuit to read the image data 
written in the pixel matrix as an electric signal. 

In an embodiment, n-type choiesteric liquid crys- 
tals, liquid crystals formed by mixing n-type choles- 

20 teric liquid crystals with n-type nematic liquid crys- 
tals, or smectic-A liquid crystals having a storage 
function are used as the liquid crystals. 

According to the embodiment, in the aforemen- 
tioned image input mode, the alignment state of the 

25 n-type choiesteric liquid crystals, liquid crystals 
formed by mixing n-type choiesteric liquid crystals 
with n-type nematic liquid crystals, or smectic-A liq- 
uid crystals is changed from the Grandjean state to 
the focalconic state by the reflection light from the 

30 white area of the document. Furthermore, in the 
aforementioned image display mode, the alignment 
state of the n-type choiesteric liquid crystals, liquid 
crystals formed by mixing n-type choiesteric liquid 
crystals with n-type nematic liquid crystals, orsmec- 

35 tic-Aliquid crystals is changed to the Grandjean state 
or the focalconic state according to the above- 
mentioned display signal. Furthermore, in the afore- 
mentioned image read mode, a voltage signal which 
is, when a voltage is applied to one of the segment 

40 electrode and the common electrode, induced at the 
other electrode is detected by the aforementioned 
image data detection circuit. 

There is provided an image input device-integrat- 
ed type display device comprising: a display unit hav- 

45 ing a plurality of transparent segment electrodes ar- 
ranged in parallel with each other on a transparent 
substrate; a plurality of transparent common electro- 
des arranged in parallel with each other on another 
transparent substrate, said common electrodes be- 

50 ing perpendicular to said segment electrodes, a pho- 
toconductor electrically connected to either the seg- 
ment electrode or the common electrode and ar- 
ranged in a pixel composed of an area of intersection 
between the segment electrode and the common 

55 electrode, a transparent island electrode electrically 
connected to the photoconductor and arranged in be- 
tween the segment electrode and the common elec- 
trode relevant to the pixel, liquid crystals interposed 
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between the island electrode and an electrode which 
is one of the segment electrode and the common 
electrode and is not electrically connected to the pho- 
toconductor, and a polarizer for controlling a polariza- 
tion direction of only light entering from a side of the 5 
electrode which is one of the segment electrode and 
the common electrode and is not electrically connect- 
ed to the photo conductor, said light being to able to 
reach the photoconductor when the light passed 
through the polarizer; a display illumination light 10 
source which irradiates display illumination light in 
displaying an image on a pixel matrix composed of 
areas of intersections between the plural segment 
electrodes and the plural common electrodes of the 
display unit; a document illumination light source 15 
which irradiates document illumination light in copy- 
ing an optical image of a document into the pixel ma- 
trix of the display unit; a control light source which ir- 
radiates control light for optically controlling turning- 
on and turning-off of a voltage to be applied to liquid 20 
crystals of the display unit; a display control circuit 
which outputs a display signal for displaying an image 
on the pixel matrix of the display unit; an image input 
control circuit which outputs an image input signal for 
copying an optical image of the document into the 25 
pixel matrix of the display unit; an image read control 
circuit which outputs an image read signal for reading 
image data written in the liquid crystals of each pixel 
constituting the pixel matrix of the display unit in the 
form of an electric signal; a segment electrode drive 30 
circuit which drives the segment electrode based on 
the display signal from the display control circuit, the 
image input signal from the image input control cir- 
cuit, or the image read signal from the image read 
control circuit; a common electrode drive circuit which 35 
drives the common electrode based on the display 
signal from the display control circuit the image input 
signal from the image input control circuit, or the im- 
age read signal from the image read control circuit; 
an image data detection circuit which detects the im- 40 
age data written in the pixel matrix of the display unit 
in the form of an electric signal; and a control circuit 
which copies the optical image of the document into 
the pixel matrix by controlling the image input control 
circuit, the document illumination light source, and 45 
the control light source in an image input mode, reads 
the image data written in the pixel matrix in the form 
of an electric signal by controlling the image read 
control circuit, the image data detection circuit, and 
the control light source in an image read mode, and so 
displays an image on the pixel matrix by controlling 
the display control circuit and the display illumination 
light source in an image display mode. 

According to the above device, the polarization 
direction of only the light which enters from the side 55 
of the electrode which is one of the segment elec- 
trode and the common electrode of the display unit 
and is not electrically connected to the photoconduc- 



tor is controlled by the polarizer before the light reach- 
es the photoconductor. Therefore, the presence or 
absence of the light incident on the above-mentioned 
photoconductorf rom the above-mentioned electrode 
which is not electrically connected to the photocon- 
ductor is set by the above-mentioned polarizer. 

As a result, when the operations of the above- 
mentioned image input mode, image read mode, and 
image display mode are executed in the same man- 
ner as in the aforementioned first device, the resis- 
tance of the photoconductor is also set by the light en- 
tering into the photoconductor from the electrode 
which is not electrically connected to the photocon- 
ductor to set the on/off condition of the voltage ap- 
plied to the liquid crystals. 

In an embodiment, ferroelectric liquid crystals 
are used as the liquid crystals. 

According to the embodiment, in the aforemen- 
tioned image input mode, the alignment state of the 
ferroelectric liquid crystals is changed from the state 
where they are perpendicular to (or in parallel with) 
the polarization direction of the polarizer to the state 
where they are in parallel with (or perpendicular to) 
the polarization direction of the polarizer by the re- 
flection light from a white area of a document to copy 
the optical image of the document into the aforemen- 
tioned pixel matrix. Furthermore, in the aforemen- 
tioned image display mode, the alignment state of the 
ferroelectric liquid crystals is changed to the perpen- 
dicular state or to the parallel state according to the 
aforementioned display signal to write an image cor- 
responding to the display signal into the above- 
mentioned pixel matrix. Furthermore, in the afore- 
mentioned image read mode, a specified voltage is 
applied to the above-mentioned ferroelectric liquid 
crystals to read the image data written in the above- 
ment ioned pixel matrix as an electric signal by means 
of the image data detection circuit. 

In an embodiment, the image data detection cir- 
cuit detects a quantity of electric charges charged ac- 
cording to the image data at the island electrode of 
each pixel constituting the pixel matrix of the display 
unit, the control light source can irradiate light one by 
one on each electrode which is one of the segment 
electrode and the common electrode and is not elec- 
trically connected to the photoconductor, and the 
control circuit reads the image data written in pixel 
matrix in the form of an electric signal by detecting a 
quantity of electric charges charged at the island 
electrode of the pixel relevant to the one segment 
electrode or common electrode which is selected by 
being irradiated by light of the control light source in 
the image read mode. 

According to the embodiment, the island elec- 
trode which is in contact with the above-mentioned 
ferroelectric liquid crystals is charged with electric 
charges corresponding in quantity to the image data. 
Therefore, in the aforementioned image read mode, 
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a specified voltage is applied to the ferroelectric liq- 
uid crystals based on the image read signal from the 
image read control circuit to detect the quantity of 
electric charges charged at the island electrode at the 
pixel pertinent to the one segment electrode or com- 5 
mon electrode which is selected by being subjected 
to irradiation of light from the control light source by 
the image data detection circuit. 

Thus the image data written in the aforemen- 
tioned pixel matrix are read as an electric signal. 10 

In an embodiment, there is provided an input pen 
which has a light source and emits light from the light 
source outwardly through its tip end, and the control 
circuit controls the image input control circuit and the 
control light source in a pen input mode to allow an im- 15 
age input by means of the input pen to be written into 
the pixel matrix. 

According to the embodiment, in the pen input 
mode, the pixel matrix of the display unit is set in the 
initial state under the control of the control circuit. 20 
Subsequently, the photoconductor of the pixel on 
which light directly from the light source of the input 
pen or reflection light is incident is made to have a low 
resistance, while a voltage based on the image input 
signal from the image input control circuit is applied 25 
to the liquid crystals to change the alignment state of 
the liquid crystals. 

Thus, an image is written into the above- 
mentioned pixel matrix by the input pen. 

In an embodiment, one of the two transparent 30 
substrates of the display unit is provided with a micro 
lens for condensing incident light thereto. 

According to the embodiment, by virtue of the mi- 
cro lens provided for one of the two transparent sub- 
strates of the aforementioned display unit, light which 35 
enters from the side of the transparent substrate at 
which the micro lens is not provided and is incident on 
the above-mentioned display unit is converged. 
Therefore, a sufficient quantity of light can be incident 
on the aforementioned photoconductor even when 40 
the quantity of light is reduced through reflection in, 
for example, the image input mode or the pen input 
mode. 

Thus the brightness data of the document and 
the position data of the input pen are accurately writ- 45 
ten into the aforementioned pixel matrix. 

In an embodiment, at least one of the two trans- 
parent substrates of the display unit is comprised of 
a plate-shaped optical fiber array where optical fib- 
ers each having a specified length are arranged two- 50 
dimensionaliy with axial directions of the optical fib- 
ers extended in a thickness direction of the optical 
fiber array. 

According to the embodiment, light which is inci- 
dent on the transparent substrate composed of a 55 
plate-shaped optical fiber array where optical fibers 
each having a specified length are arranged two-di- 
mensionally with the axial directions of the optical fib- 



ers extended in the thickness direction of the optical 
fiber array travels through the above-mentioned opt- 
ical fibers in the axial direction of the optical fibers. 
Thus the operation of each of the above-mentioned 
modes is executed without cross-talk between pixels 
nor loss in quantity of light. 

In a embodiment the display illumination light 
source, the document illumination light source, and 
the control light source are comprised of one plate- 
shaped light source, and a side portion of the plate- 
shaped light source is pivotally mounted to a side por- 
tion of the display unit. 

According to the embodiment the aforemen- 
tioned display unit is illuminated by the plate-shaped 
light source provided pivotally at a side of the display 
unit from the front surface or the back surface of the 
display unit at need. Thus the display illumination 
light source, the document illumination light source, 
and the control light source are concurrently provided 
by the above-mentioned one plate-shaped light 
source to execute the operation of each of the afore- 
mentioned modes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully un- 
derstood from the detailed description given herein- 
below and the accompanying drawings which are giv- 
en by way of illustration only, and thus are not limit- 
ative of the present invention, and wherein: 

Fig. 1 is a schematic diagram of an image input 
device-integrated type display device in accor- 
dance with an embodiment of the present inven- 
tion; 

Fig. 2 is a sectional view of a part of an image in- 
put device- integrated type display device as 
shown in Fig. 1; 

Fig. 3 is a graph showing a voltage-transmittance 
characteristic of phase transition type liquid crys- 
tals; 

Fig. 4 is a graph showing a voltage-dielectric con- 
stant characteristic of phase transition type liquid 
crystals; 

Figs. 5(a), 5(b) and 5(c) are diagrams for explain- 
ing an operation in an image input mode of an im- 
age input device-integrated type display device 
employing phase transition type liquid crystals; 
Fig. 6 is a longitudinal section view of an input 
pen as shown in Fig. 1; 

Fig. 7 is a diagram for explaining an operation in 
an image read mode of an image input device-in- 
tegrated type display device employing phase 
transition type liquid crystals; 
Fig. 8 is a diagram for explaining an operation in 
an image display mode of an image input device- 
integrated type display device employing phase 
transition type liquid crystals; 
Figs. 9(a), 9(b), 9(c) and 9(d) are diagrams for ex- 
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plaining a change of the state of current/electric 
field effect type liquid crystals; 
Fig. 10 is a sectional view of a part of an image 
input device-integrated type display device em- 
ploying ferroelectric liquid crystals; 
Figs. 11(a), 11(b), 11(c) and 11(d) are diagrams 
for explaining an operation in an image display 
mode of an image input device- integrated type 
display device employing ferroelectric liquid 
crystals; 

Figs. 12(a), 12(b) and 12(c) are diagrams for ex- 
plaining an operation in a pen input mode of an 
image input device-integrated type display de- 
vice employing ferroelectric liquid crystals; 
Figs. 13(a), 13(b) and 13(c) are diagrams for ex- 
plaining an operation in a document image read 
mode of an image input device-integrated type 
display device employing ferroelectric liquid 
crystals; 

Figs. 14(a), 14(b) and 14(c) are diagrams for ex- 
plaining an operation in a document image read 
mode of an image input device- integrated type 
display device employing ferroelectric liquid 
crystals; 

Figs. 1 5 (a) and 1 5 (b) are diagrams for explaining 
an operation in an image read mode of an image 
input device-integrated type display device em- 
ploying ferroelectric liquid crystals; 
Figs. 16(a) and 16(b) are diagrams for explaining 
an operation in an image display mode of an im- 
age input device- integrated type display device 
employing ferroelectric liquid crystals; 
Fig. 17 shows a perspective view of a part of a 
plate-shaped optical fiber array; and 
Figs. 18(a), 18(b) and 18(c) are diagrams show- 
ing a relation in position between an image input 
device-integrated type display device of Fig. 1 
and a back light. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The following describes several embodiments of 
the present invention with reference to the attached 
drawings. 

Fig. 1 is a schematic diagram of an image input 
device-integrated type display device of the present 
embodiment. 

The present image input device-integrated type 
display device has several operation modes having 
the functions as follows. The operation modes are 
image display mode for writing an image into liquid 
crystals by means of an electric signal, a pen input 
mode for writing an image into liquid crystals by 
means of an input pen, an image input mode for di- 
rectly copying an optical image of a document into liq- 
uid crystals, and an image read mode for reading an 
image written in liquid crystals in the pen input mode 



and the image input mode in the form of an electric 
signal. 

Referring to Fig. 1 , the above-mentioned image 
input device-integrated type display device compris- 

5 es basically an image input device-integrated type 
display unit 1 composed of segment electrodes X 1f 
X 2 , ... X m (each of the segment electrodes indiscrimi- 
nately referred to as X hereinafter) arranged in par- 
allel in m columns and common electrodes Y 1t Y 2 , ... 

w Y n (each of the common electrode indiscriminately re- 
ferred to as Y hereinafter) arranged in parallel in n 
rows perpendicular to the segment electrode X and 
serving as an i mage input device, and a variety of per- 
ipheral circuits provided for the image input device- 

15 integrated display unit 1 . 

Each common electrode Y is connected to a com- 
mon electrode drive circuit 2 and a common electrode 
selection circuit 4. On the other hand, each segment 
electrode X is connected to a segment electrode drive 

20 circuit 3. 

A display control circuit 6 generates a display sig- 
nal for displaying an image on liquid crystals inter- 
posed between the segment electrode X and the 
common electrode Y of the image input device-inte- 

25 grated display unit 1 by applying a voltage to the liquid 
crystals in the aforementioned image display mode. 
Furthermore, the display control circuit 6 generates 
an initialization signal for putting the above- 
mentioned liquid crystals into the initial state in the 

30 pen input mode or the image input mode. 

An image data detection control circuit 7 gener- 
ates an image read signal for reading an image writ- 
ten in the liquid crystals by applying a voltage to the 
segment electrode X of the image input device-inte- 

35 grated display unit 1 in the aforementioned image 
read mode. 

An image input control circuit 8 generates an im- 
age input signal for writing an optical image of a docu- 
ment or a pen input image by applying a voltage to the 

40 liquid crystals by means of the segment electrode X 
and the common electrode Y of the image input de- 
vice-integrated display unit 1 in the aforementioned 
image input mode or the pen input mode. 

A switching circuit 5 switches between the dis- 

45 play signal or the initialization signal from the afore- 
mentioned display control circuit 6, the image read 
signal from the image data detection control circuit 7, 
and the image input signal from the image input con- 
trol circuit 8 to output the selected signal switchingly 

so to the common electrode drive circuit 2 and the seg- 
ment electrode drive circuit 3. 

An image data detection circuit 9 detects a vol- 
tage induced at the common electrode Y of the image 
input device-integrated display unit 1 as image data 

55 in the image read mode. 

An input pen 10 designates an input pixel when 
writing an image into the image input device-integrat- 
ed display unit 1 in the pen input mode. 
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A back light 11 is controlled to be turned on and 
off and controlled of its position with respect to the 
image input device- integrated display unit 1 by a back 
light control circuit 12. The back light 11 irradiates 
light at need from the front or back side of the image 5 
input device-integrated display unit 1. 

A control circuit 13 controls the display control 
circuit 6, image data detection control circuit 7, image 
input control circuit 8, image data detection circuit 9, 
and back light control circuit 12 to execute the oper- 10 
ation in each of the image display mode, pen input 
mode, image input mode, and image read mode. 

In more detail, the image input device-integrated 
display unit 1 constitutes the aforementioned display 
unit, and the image data detection control circuit 7 15 
constitutes the image read control circuit. 

The image input device-integrated type display 
device having the above-mentioned construction op- 
erates in the following manner in each of the opera- 
tion modes under the control of the control circuit 13. 20 

In the aforementioned image display mode, first 
the switching circuit 5 is switched to the display con- 
trol circuit 6 to transmit the aforementioned display 
signal generated by the display control circuit 6 to the 
common electrode drive circuit 2 and the segment 25 
electrode drive circuit 3 via the switching circuit 5. 
Then the common electrode drive circuit 2 and the 
segment electrode drive circuit 3 scans the common 
electrode Y and the segment electrode X of the im- 
age input device-integrated display unit 1 to apply a 30 
voltage corresponding to the display signal to the liq- 
uid crystals of each pixel of a pixel matrix composed 
of the areas of intersections between the segment 
electrodes and the common electrodes. At the same 
time, the back light 11 is lit to display an image on the 35 
matrix of n x m pixels. In the above time, the polarities 
of the voltages applied to the segment electrode X 
and the common electrode Y are inverted every line 
or every frame in the same manner as in the general 
direct multiplexing matrix liquid crystal display de- 40 
vice. 

In the aforementioned image input mode, first 
the switching circuit 5 is switched to the display con- 
trol circuit 6 side to transmit the initialization signal 
generated by the display control circuit 6 to the com- 45 
mon electrode drive circuit 2 and the segment elec- 
trode drive circuit 3 via the switching circuit 5. Then 
the alignment state of the liquid crystals of the entire 
pixel matrix of the image input device-integrated dis- 
play unit 1 is set in an initial state as described here- so 
inafter. 

Subsequently, the switching circuit 5 is switched 
to the image input control circuit 8 side to transmit the 
aforementioned image input signal generated by the 
image input control circuit 8 to the common electrode 55 
drive circuit 2 and the segment electrode drive circuit 
3 via the switching circuit 5. Then a voltage for writing 
the optical image of a document is applied between 



the segment electrode X and the common electrode 

Y. 

In the aforementioned pen input mode, first the 
switching circuit 5 is switched to the display control 
circuit 6 side to set the alignment state of the liquid 
crystals of the aforementioned pixel matrix in the ini- 
tial state. Subsequently, the switching circuit 5 is 
switched to the image input control circuit 8 side to 
transmit the aforementioned image input signal gen- 
erated by the image input control circuit 8 to the com- 
mon electrode drive circuit 2 and the segment elec- 
trode drive circuit 3 via the switching circuit 5. Then 
a voltage for writing the position designated by the In- 
put pen 10 is applied to the segment electrodes and 
the common electrodes. 

It is noted thatthe back light 11, which is not nec- 
essary in the above case, is unlighted. 

In the aforementioned image read mode, the 
switching circuit 5 is switched to the image data de- 
tection control circuit 7 side to transmit the image 
read signal generated by the image data detection 
control circuit 7 to the segment electrode drive circuit 
3 via the switching circuit 5. Then a voltage for reading 
an image is successively applied to each segment 
electrode X by the segment electrode drive circuit 3. 

On the other hand, each common electrode Y is 
successively selected by the common electrode se- 
lection circuit 4, and an image signal induced at the 
selected common electrode Y is detected by the im- 
age data detection circuit 9 to be transmitted to the 
control circuit 13. 

It is noted that the back light 11 irradiates light 
onto the image input device-integrated display unit 1 
from behind the unit 1. 

Then the following describes in detail the image 
input device- integrated display unit 1 which is an im- 
portant component of the present invention. 

Fig. 2 is a sectional view showing a part of an im- 
age input device-integrated type display unit 1 of the 
present embodiment taken along the common elec- 
trode Y. Referring to Fig. 2, there are provided liquid 
crystals 21, photoconductors 22, and island electro- 
des 23. There are further provided segment electro- 
des X and common electrodes Y. 

The above-mentioned segment electrode X, 
common electrode Y, and island electrode 23 are 
transparent electrodes made of indium tin oxide 
(ITO). In Fig. 2, the segment electrodes X extend in 
a direction perpendicular to the plane of the paper on 
which Fig. 2 is illustrated, and transverse cross sec- 
tions of two segment electrodes X exist. On the other 
hand, the common electrode Y extends in a direction 
parallel with the plane of the paper on which Fig. 2 is 
illustrated, and the longitudinal section of one com- 
mon electrode Y exists. Hence an area of intersection 
between the segment electrode X and the common 
electrode Y constitutes a pixel. 

The aforementioned island electrode 23 is pro- 
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vided for each pixel, and each island electrode 23 is 
surrounded by a transparent insulator 24. Therefore, 
island electrodes 23 are electrically isolated from 
each other. 

The aforementioned photoconductor 22 has an 5 
infinitesimal section area and is arranged in an ap- 
proximate center position of each pixel. The segment 
electrode X and the island electrode 23 constituting 
each pixel are electrically connected to each other by 
way of the photoconductor 22. The photoconductors 1 o 
22 are surrounded by the above-mentioned transpar- 
ent insulator 24. 

The photoconductor 22 is a material of which re- 
sistivity changes when it receives light The photo- 
conductor 22 is made of cadmium sulfide (CdS), cad- 1 5 
mium telluride (CdTe), selenium (Se), zinc sulfide 
(ZnS), bismuth silicate crystal (BSO), amorphous sil- 
icon, organic photoconductor, or the like. 

The transparent insulator 24 for electrically iso- 
lating the photoconductors 22 is made of silicon oxide 20 
(SiOJ, titanium oxide (TiOJ, or an organic material 
such as resist 

There is formed a light-shielding film 25 on the 
common electrode Y above the photoconductor 22. 
The light-shielding film 25 prevents incident light 25 
through a glass plate 28 from directly entering into the 
photoconductor 22. The light-shielding film 25 is com- 
posed of a thin film made of aluminum (Al), tungsten 
(W), tungsten silicide (WSi), or the like. 

Atransparent insulator 26 is made of silicon oxide 30 
(SiOJ, titanium oxide (T\0£, an organic material such 
as resist, or rubber for the purpose to flatten the un- 
evenness generated due to the light-shielding film 25. 

Each of glass plates 28 and 29 function as a 
transparent substrate for encapsulating the afore- 35 
mentioned liquid crystals 21. Therefore, the glass 
plates 28 and 29 may be each made of a transparent 
plastic plate or a transparent ceramic plate. 

In a position corresponding to each pixel on the 
interior surface of the glass plate 29 is formed a micro 40 
lens 27 protruding into the glass plate 29. The micro 
lens 27 has a function of condensing incident illumin- 
ation light transmitted through the glass plate 28 and 
light reflected on a document, and the convergent 
point of the lens is located at around the exterior sur- 45 
face of the glass plate 29. The micro lens 27 is formed 
by making the glass plate 29 have a refractive index 
distribution or a curved surface, or by bundling opti- 
cal fibers. 

The aforementioned liquid crystals 21 are com- so 
posed of liquid crystals which have a storage function 
and exhibits a change of dielectric constant thereof 
between a state where they display a black color and 
a state where they display a white color (referred to 
merely as "between black and white colors" herein- 55 
after). The following describes an example employing 
phase transition type liquid crystals. 

The phase transition type liquid crystals are com- 



posed of p-type cholesteric liquid crystals or liquid 
crystals formed by mixing p-type cholesteric liquid 
crystals with p-type nematic liquid crystals. Fig. 3 
shows a voltage-transmittance characteristic of liquid 
crystals of the above-mentioned type. 

Referring to Fig. 3, in an initial state where an ap- 
plied voltage is lower than "Vth1", the liquid crystals 
are in the Grandjean state where the helical axes of 
the cholesteric liquid crystal molecules are aligned in 
a direction perpendicular to the electrode surface. In 
the Grandjean state, incident light perpendicular to 
the electrode surface is transmitted. When the ap- 
plied voltage is gradually increased above "Vth1", the 
liquid crystals are put into the focalconic state where 
the directions of the helical axes which have been 
aligned in a direction perpendicular to the electrode 
surface are disordered to be directed in irregular di- 
rections. In the focalconic state, the refractive index 
is disordered to diffuse light, with which the liquid 
crystals become turbid whitely. 

Then, according as the applied voltage is further 
increased, the helical axis pitch of the cholesteric liq- 
uid crystals increases. When the applied voltage ex- 
ceeds a threshold voltage "Vth2", the liquid crystals 
are transformed into nematic liquid crystals where liq- 
uid crystal molecules are aligned in the direction of an 
electric field (i.e., a homeotropic orientation). In the 
homeotropic orientation, the liquid crystals are opti- 
cally transparent. 

It is noted that the voltage to be applied to the liq- 
uid crystals may be an AC voltage or a DC voltage. 

In order to store the state of the liquid crystals as 
described above, the applied voltage to the liquid 
crystals is required to be "0". For instance, when the 
applied voltage is made to be "0" in the focalconic 
state, the focalconic state is maintained and stored. 
When the applied voltage is abruptly made to be "0" 
in the homeotropic orientation state, the liquid crys- 
tals are transformed into the Grandjean state, and the 
Grandjean state is maintained and stored to maintain 
the transparent state. 

The above-mentioned liquid crystals are dielec- 
tric substance, and therefore the liquid crystals ex- 
hibit a dielectric polarization when an electric field is 
applied to the liquid crystals. Fig. 4 shows a change 
of dielectric constant between black and white colors 
corresponding to the state of the liquid crystals as 
shown in Fig. 3. Referring to Fig. 4, the dielectric con- 
stant increases while the liquid crystals are trans- 
formed from the Grandjean state via the focalconic 
state to the homeotropic orientation. 

As liquid crystals which have the above- 
mentioned storage function and exhibit a change of 
dielectric constant between black and white colors, 
there are liquid crystals of a type which is to be sub- 
jected to a write operation by a current effect and an 
erasing operation by an electric field effect (the liquid 
crystals referred to as the "current/electric field ef- 
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feet type liquid crystals" hereinafter) such as n-type 
cholesteric liquid crystals, liquid crystals formed by 
mixing n-type cholesteric liquid crystals with n-type 
nematic liquid crystals, and smectic-A liquid crystals, 
and ferroelectric liquid crystals other than the above- 
mentioned phase transition type liquid crystals. 

First Embodiment 

Then the following describes the principle of op- 
eration of the image input device- integrated display 
unit 1 employing phase transition type liquid crystals 
as the liquid crystals 21 in regard to each of the afore- 
mentioned modes with reference to Figs. 5through 8. 

(1) Image input mode (in which the optical image of 
a document is optically written directly into the 
image input device-integrated display unit) 

In a first step, the liquid crystals 21 are entirely 
put into a transparent state (i.e., into the aforemen- 
tioned Grandjean state) (Fig. 5 (a)). 

Control light is irradiated on the entire surface of 
the liquid crystals by the back light 11 from the side 
of the glass plate 29, and a voltage which is not lower 
than "Vth2" is applied across segment electrodes X 
and common electrodes Y from a power source 30 
based on the aforementioned initialization signal 
from the display control circuit 6. In the above time, 
a voltage may be successively applied to each seg- 
ment electrode X and each common electrode Y, or 
simultaneously applied to all the segment electrodes 
X and all the common electrodes Y. 

Thus the photoconductor 22 is made to have a 
low resistance by the incident light from the side of 
the glass plate 29, with which the segment electrode 
X and the island electrode 23 connected to the pho- 
toconductor 22 are made to have an approximately 
equal potential. Consequently, a voltage approxi- 
mately equal to the voltage "Vth2" supplied from the 
power source 30 (the voltage is slightly reduced by a 
voltage drop due to the photoconductor 22) is applied 
to the liquid crystals 21, with which the liquid crystals 
21 are put into the homeotropic orientation. 

Subsequently, when the voltage applied across 
the above-mentioned segment electrode X and the 
common electrode Y is abruptly made to be "0", the 
liquid crystals 21 are restored from the homeotropic 
orientation to the Grandjean state to maintain a trans- 
parent state. Then the control light from the side of 
the glass plate 29 is turned off. 

Thus the liquid crystals 21 are entirely put into a 
transparent state to put the liquid crystals 21 into the 
initial state before image input. 

In a second step, reflection lightfrom a document 
31 is copied into the liquid crystals 21 (refer to Figs. 
5 (b) and 5 (c)). 

The document 31 is placed under the glass plate 



29 with the document substantially closely fit to the 
glass plate 29. Based on an image input signal from 
the image input control circuit 8, a voltage which is not 
lower than "Vth1 tt and lower than "Vth2" is applied 

5 across each segment electrode X and each common 
electrode Y from the power source 30. In the above 
time, a voltage may be successively applied to each 
segment electrode X and each common electrode Y, 
or simultaneously applied to all the segment electro- 

10 des X and all the common electrodes Y. 

Then document illumination light is irradiated on 
the entire surface of the glass plate 28 by the back 
light 11 from the glass plate 28 side. Since the liquid 
crystals 21 have been already made to be transpar- 

15 ent in the aforementioned first step, the document il- 
lumination light incident on the glass plate 28 reaches 
the micro lens 27 by way of the transparent insulator 
26, common electrode Y, liquid crystals 21, island 
electrode 23, transparent insulator 24, and segment 

20 electrode X except for the area of the light-shielding 
film 25. Then the light is converged on the document 
31 by the micro lens 27. 

In the case where the convergence light strikes 
onawhiteareaofthedocument31,thelightisreflect- 

25 ed on the white area as shown in Fig. 5 (b). A part of 
the reflection light is transmitted through the seg- 
ment electrode X to be incident on the photoconduc- 
tor 22. 

Then the photoconductor 22 on which the light 
30 strikes is made to have a low resistance, with which 
the segment electrode X and the island electrode 23 
connected to the photoconductor 22 are made to 
have an approximately equal potential. 

Consequently, a voltage approximately equal to 
35 the voltage which is not lower than "Vthl" and lower 
than "Vth2" applied across the segment electrode X 
and the common electrode Y is applied across the is- 
land electrode 23 and the common electrode Y. 
Therefore, the liquid crystals 21 constituting the pix- 
40 els in the area of the photoconductor 22 on which the 
light strikes are transformed from the initial Grand- 
jean state into the focalconic state to be turbid white- 

iy- 

In other words, the white area of the document 31 
45 is invertedly written into the liquid crystals 21 as a 
black area. 

In contrast to the above, in the case where the 
convergence light strikes on a black area of the docu- 
ment 31, no light is reflected on the black area as 
so shown in Fig. 5 (c), and therefore no light strikes on 
the photoconductor 22. Therefore, the photoconduc- 
tor 22 on which no light strikes remains having a high 
resistance. 

In the above case, by setting the resistance of 
55 the photoconductor 22 in condition where no light 
strikes on it (the resistance in this condition referred 
to as the "dark resistance" hereinafter) at a value suf- 
ficiently higher than the resistance of the liquid crys- 
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tals 21 , almost no voltage is applied across the island 
electrode 23 and the common electrode Y because of 
a significant voltage drop across the segment elec- 
trode X and the island electrode 23. 

Consequently, a voltage which is lower than 5 
w Vth1" is applied across the island electrode 23 and 
the common electrode Y. Therefore, the liquid crys- 
tals 21 constituting the pixels in the area of the pho- 
toconductor 22 on which no light strikes maintain the 
initial Grandjean state to be transparent. 

In other words, the black area of the document 31 
is invertedly written into the liquid crystals 21 as a 
white area. 

Thus in the image input mode, a negative image 
of the document 31 is written into the matrix of n x m 
pixels of the image input device-integrated display 
unit 1. 

In order to store the optical image of the docu- 
ment 31 which has thus written in the pixel matrix of 
the image input device-integrated display unit 1 into 
the liquid crystals 21, the voltage applied across the 
segment electrode X and the common electrode Y 
from the power source 30 is required to be "0", and 
the document illumination light is required to be re- 
moved. 

The image input mode is described above by ex- 
emplifying the case where the optical image of the 
document 31 is stored into the liquid crystals 21 by 
means of the reflection light from the document 31. 
However, the image input device- integrated display 
unit 1 of the present embodiment can store the optical 
image of the document 31 into the liquid crystals 21 
by means of a transmission light from a transparent 
document. 

The following describes the Image input mode 
using a transparent document. 

In order to write the optical image of the transpar- 
ent document into the liquid crystals 21 , the transpar- 
ent document is placed under the glass plate 29, and 
document illumination light is radiated by the back 
light 11 from under the transparent document. In the 
above case, either a negative image or a positive im- 
age of the document can be written into the afore- 
mentioned pixel matrix. 

In the case where the negative image is written, 
a voltage which is not lower than "Vth1" and lower 
than "Vth2" is applied across the segment electrode 
X and the common electrode Y from the power 
source 30 with the initial state set in the Grandjean 
state in the same manner as in the aforementioned 
case where the optical image of the document 31 is 
stored into the liquid crystals 21 by means of the re- 
flected light from the document 31. 

A part of light transmitted through a transparent 
portion of the transparent document is transmitted 
through the segment electrode X to stri ke on the pho- 
toconductor 22. Consequently, a voltage approxi- 
mately equal to the voltage which is not lower than 



"Vthr and lower than w Vth2 w and is applied across 
the segment electrode X and the common electrode 

Y is applied to the liquid crystals 21, with which the 
liquid crystals 21 constituting the pixels in the area of 
the photoconductor 22 on which the light strikes are 
transformed from the initial Grandjean state to the fo- 
calconic state to be turbid whitely. 

In other words, the transparent area of the 
above-mentioned transparent document is invertedly 
written and stored into the liquid crystals 21 as a black 
area. 

In contrast to the above, the photoconductor 22 
which is shielded from the document illumination light 
by an opaque portion of the document remains hav- 
ing a high resistance. Consequently, a voltage which 
is lower than "Vth 1 ° is applied to the liquid crystals 21 , 
while the liquid crystals 21 constituting the pixels in 
the area of the photoconductor 22 on which no light 
strikes maintain the initial Grandjean state to be 
transparent. 

In other words, the opaque area of the above- 
mentioned transparent document is invertedly writ- 
ten and stored into the liquid crystals 21 as a white 
area. 

Thus the negative image of the above- 
mentioned transparent document is written into the 
pixel matrix of the image input device-integrated dis- 
play unit 1. 

Then the following describes the case where the 
aforementioned positive image is written. 

In order to write the positive image, a voltage 
which is not lower than ,, Vth2 n is applied across the 
segment electrode X and the common electrode Y 
from the power source 30 with the initial state set in 
the focalconic state (where the liquid crystals are tur- 
bid whitely). 

Then a part of light transmitted through a trans- 
parent portion of the above-mentioned transparent 
document is transmitted through the segment elec- 
trode X to strike on the photoconductor 22. Conse- 
quently, a voltage approximately equal to the voltage 
which is not lower than "Vth2 M and is applied across 
the segment electrode X and the common electrode 

Y is applied to the liquid crystals 21, with which the 
liquid crystals 21 constituting the pixels in the area of 
the photoconductor 22 on which the light strikes are 
transformed from the initial focalconic state to the ho- 
meotropic orientation to be transparent. 

In other words, the transparent area of the 
above-mentioned transparent document is written 
and stored into the liquid crystals 21 as a white area. 

In contrast to the above, the photoconductor 22 
which is shielded from the document illumination light 
by an opaque portion of the above-mentioned trans- 
parent document remains having a high resistance. 
Consequently, a voltage which is lower than the 
u Vth2 w is applied to the liquid crystals 21 . In the above 
case, by setting the dark resistance of the photocon- 
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ductor 22 at a value such that the voltage across the 
island electrode 23 and the common electrode Y is 
not lower than "Vth1"and lowerthan B Vth2 n , a voltage 
which is not lowerthan "Vth1" and lowerthan "Vth2" 
and is applied to the liquid crystals 21. 

Therefore, the liquid crystals 21 constituting the 
pixels in the area of the photoconductor 22 which is 
shielded from the document illumination light main- 
tain the initial focalconic state to be turbid whitely. 

In other words, the opaque area of the above- 
mentioned transparent document is written and stor- 
ed into the liquid crystals 21 as a black area. 

Thus the positive image of the above-mentioned 
transparent document is written into the pixel matrix 
of the image input device-integrated display unit 1. 

It is noted that the light-shielding film 25 is not 
necessary when the optical image of the above- 
mentioned transparent document is written into the 
pixel matrix of the image input device-integrated dis- 
play unit 1. 

The control light and the document illumination 
light in the case where the optical image of the docu- 
ment 31 is stored into the liquid crystals 21 by means 
of the reflection light from the document 31 are ob- 
tained by moving the back light 11 on the side of the 
glass plate 28 or on the side of the glass plate 29 of 
the image input device-integrated display unit 1 as 
described in detail hereinafter. 

(2) Pen input mode (in which an image is written 
into the image input device-integrated display unit 
by means of an input pen which emits light) 

Fig. 6 shows a sectional view of the above- 
mentioned input pen 10. The input pen 10 has a built- 
in light source 41 composed of an LED (Light- 
Emitting Diode), a semiconductor laser, an EL (Elec- 
tro Luminescence), or the like. Light emitted from the 
light source 41 is conducted to the tip of the pen by 
way of a photoconducting path 42 composed of a 
plastic fiber or the like. The photoconducting path 42 
is covered with a sleeve 43, where the tip of the 
sleeve 43 is slightly protruding from the tip of the 
photoconducting path 42. 

An axially inward end of the sleeve 43 is fitted to 
an end of a spring 44. The other end of the spring 44 
is put in contact with a pen touch switch 45. With the 
above-mentioned arrangement, when the tip of the 
input pen 10 (i.e., the tip of the sleeve 43) is pressed, 
the pen touch switch 45 is turned on to be able to dis- 
criminate whether the operator is in an input opera- 
tion. 

A pen control circuit 46 makes the light source 41 
emit light by transmitting a light source control signal 
upon reception of an "on signal" (referred to as a 
"touch signal" hereinafter) from the pen touch switch 
45. It is noted that a power is supplied from a small- 
size battery 47 to the pen control circuit 46. 



A casing 48 has a cylindrical configuration to 
serve as an exterior wall which supports the sleeve 
43 with its conical end portion and fixes the above- 
mentioned light source 41, spring 44, pen touch 
5 switch 45, pen control circuit 46, and small-size bat- 
tery 47. 

The pen input mode operation is executed in the 
same manner as in the case where the optical image 
in the white area of the document 31 is written into the 

w liquid crystals. The following describes the operation 
with reference to Fig. 5 (b). 

Afterthe liquid crystals 21 of the image input de- 
vice-integrated display unit 1 are put into an initial 
state (Grandjean state: transparent state), a voltage 

15 which is not lowerthan "Vth1" and lowerthan "Vth2" 
is applied across the segment electrode X and the 
common electrode Y from the power source 30 based 
on the image input signal from the image input con- 
trol circuit 8. On the other hand, a white sheet is 

20 placed under the glass plate 29 with the sheet sub- 
stantially closely fit to the glass plate 29. 

Now the tip of the input pen 10 is placed in an 
area on the glass plate 28 corresponding to the write 
pixels of the pixel matrix of the image input device- 

25 integrated display unit 1, and then the casing 48 of 
the input pen 10 is pressed against the glass plate 28. 
By so doing, the pen touch switch 45 is turned on to 
make the light source 41 emit light 

Then, the light conducted from the light source 41 

30 to the photoconducting path 42 is emitted from the tip 
of the sleeve 43 to enter into the image input device- 
integrated display unit 1. The light which is converged 
by the micro lens 27 and transmitted through the im- 
age input device- integrated display unit 1 is reflected 

35 on the white sheet to strike on the photoconductor 22. 
Consequently, the resistance of the photoconductor 
22 is reduced, and a voltage which is not lower than 
"Vth1" and lower than "Vth2" is applied to the liquid 
crystals 21 constituting the relevant pixel to thereby 

40 transform the liquid crystals 21 into the focalconic 
state (where the liquid crystals are turbid whitely). 

Subsequently, when the input pen 10 is moved 
out of the relevant pixel area or the input pen 1 0 is put 
apart from the image input device-integrated display 

45 unit 1 to turn off the pen touch switch 45, no light is 
incident on the relevant pixel to make the resistance 
of the photoconductor 22 be the dark resistance. 
Consequently, a great voltage drop takes place at the 
photoconductor 22 with which the voltage applied to 

so the liquid crystals 21 is made to be "0". 

Thus the liquid crystals 21 in the relevant pixel 
area put in the focalconic state by the pen Input main- 
tain the focalconic state. In other words, dark data are 
written into the liquid crystals 21 in the relevant pixel 

55 area by the pen input 

By drawing a character or a figure on the image 
input device-integrated display unit 1 by means of the 
input pen 10 in the above-mentioned manner, the 
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character or figure is written into the pixel matrix. 

In the above case, by time-sharingly processing 
the above-mentioned pen input mode and the image 
read mode described in detail hereinafter, the coor- 
dinates of the pixel currently designated by the input 
pen 10 can be detected. 

In the above-mentioned pen input mode, a part 
of image already written in the pixel matrix of the im- 
age input device-integrated display unit 1 can be 
erased. 

In order to do so, a voltage which is not lower than 
n Vth2 B Is applied across the segment electrode X and 
the common electrode Y from the power source 30. 
By tracing the line which is desired to be erased by 
means of the input pen 1 0, the liquid crystals 21 in the 
relevant pixel area in which the dark data pertinent to 
the objective line to be erased are written is trans- 
formed from the focalconic state to the homeotropic 
orientation. 

Thus the dark data written in the liquid crystals 
21 in the relevant pixel area are rewritten into light 
data to erase the objective line to be erased. 

(3) Image read mode (in which an image written in 
the image input device-integrated display unit is 
read as an electric signal) 

Fig. 7 is a schematic sectional view of the above- 
mentioned image input device- integrated display unit 
1 , where elements irrelevant to the image read mode 
are eliminated. 

The liquid crystals 21 of the pixels constituting 
the pixel matrix of the image input device- integrated 
display unit 1 are in the Grandjean state, focalconic 
state, or a state betweenthem according to the bright- 
ness data written in the image input mode or the pen 
input mode. 

Control light is irradiated by the back light 11 from 
the side of the glass plate 29. Then the incident light 
strikes on the photoconductor 22 to make the photo- 
conductor 22 have a low resistance. 

In the above-mentioned condition, each segment 
electrode X is successively scanned by successively 
applying pulses of a voltage which is not higher than 
"Vthr to the segment electrodes X a , X b , X* Xd, ... 
by means of the segment electrode drive circuit 3 
based on image read data from the image data de- 
tection control circuit 7. Since the photoconductor 22 
has a low resistance in the above case, island elec- 
trodes ... 23 a , 23 b , 23 c , 23 d , connected to the segment 
electrode X via each photoconductor 22 are scanned 
by the pulses of the voltage which is not higher than 
B Vth1 n . 

Thus the pulses of the voltage which is not higher 
than "Vth1" are successively applied to the liquid 
crystals 21 of pixels in each column of the aforemen- 
tioned pixel matrix, where the alignment state of the 
liquid crystals 21 is not changed by the voltage. 



The common electrode Y and the island elec- 
trode 23 arranged with interposition of the liquid crys- 
tals 21 being a dielectric substance are electrostati- 
cally coupled. Therefore, a voltage is induced at the 

5 common electrode Y due to the pulse voltage applied 
to the island electrode 23. In the above case, the 
magnitude of the induction voltage corresponds to 
the electrostatic capacitance across the island elec- 
trode 23 and the common electrode Y. In other words, 

10 the greater the electrostatic capacitance across the 
island electrode 23 and the common electrode Y is, 
the greater the voltage induced at the common elec- 
trode Y will be. 

Since the distance between the island electrode 

15 23 and the common electrode Y is constant, the elec- 
trostatic capacitance across the island electrode 23 
and the common electrode Y varies according to the 
dielectric constant of the liquid crystals 21. The di- 
electric constant of the liquid crystals 21 varies ac- 

20 cording to the alignment state of the liquid crystal mol- 
ecules as shown in Fig. 4. According to the alignment 
state of the liquid crystal molecules, the brightness 
condition to be written is determined. Therefore, the 
alignment state (i.e, brightness condition) of the liquid 

25 crystals 21 can be detected by detecting the voltage 
induced at the common electrode Y. The voltage sig- 
nal induced at the common electrode Y is amplified 
and shaped by the image data detection circuit 9. 
Thus the brightness data written into each pixel 

30 of the pixel matrix of the image input device-integrat- 
ed display unit 1 are read as an induction voltage at 
the common electrode Y. 

Specifically, a voltage which is not higher than 
"Vth1 " is successively applied to the segment electro- 

35 des X, through X m by means of the segment elec- 
trode drive circuit 3 in the period when the common 
electrode Yj is selected by the common electrode se- 
lection circuit 4 as shown in Fig. 1 to transmit the time 
series of the read induction voltage pertinent to all the 

40 pixels of the common electrode to the image data 
detection circuit 9. 

When the brightness data of the pixels in the 1st 
row and m columns are read in the above-mentioned 
manner, the common electrode Y 2 is selected by the 

45 common electrode selection circuit 4 and a voltage 
which is not higher than "Vth1" is applied to the seg- 
ment electrodes X, through Xn, by means of the seg- 
ment electrode drive circuit 3 to read the brightness 
data of the pixels in the 2nd row and m columns. 

so The above-mentioned operation is repeated to 
read the brightness data (i.e, image data) of the ma- 
trix of pixels in n rows and m columns as an electric 
signal. 

Although the control light is irradiated from the 
55 side of the glass plate 29 in order to make the photo- 
conductor 22 have a low resistance in the example 
described above, such a measure is not always re- 
quired to be taken. 
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When the above measure is not taken, the elec- 
trostatic capacitance which generates the induction 
voltage at the common electrode Y is a synthetic 
electrostatic capacitance formed by successively 
connecting the electrostatic capacitance across the 
segment electrode X and the island electrode 23 with 
the electrostatic capacitance across the island elec- 
trode 23 and the common electrode Y. Therefore, the 
induction voltage generated at the common electrode 
Y depending on the alignment state of the liquid crys- 
tals 21 constituting each pixel exhibits a reduced va- 
riance in level and an increased irrelevant DC compo- 
nent voltage. 

Because of a great voltage drop due to the dark 
resistance of the photoconductor 22, a voltage which 
is not lower than "Vthl" can be applied across the 
segment electrode X and the common electrode Y to 
allow the reduction of variance in level to be sup- 
pressed to some extent. 

(4) image display mode (in which an image is 
written into the image input device- integrated 
display unit by means of an electric signal) 

The operation in the present mode is the same as 
in the image display mode of the conventional liquid 
crystal display. 

Fig. 8 shows a schematic sectional view of the 
image input device-integrated display unit 1, where 
elements irrelevant to the image display mode are 
eliminated. 

Illumination light is irradiated by the back light 11 
from the side of the glass plate 29. Then the incident 
light strikes on the photoconductor 22 to make the 
photoconductor 22 have a low resistance, with which 
the island electrode 23 and the segment electrode X 
are made to have an approximately equal potential. 
Therefore, a voltage approximately equal to the vol- 
tage applied to the segment electrode X appears at 
the island electrode 23. 

First, the common electrode Yi in the 1st row is 
selected by the common electrode drive circuit 2 to re- 
ceive a specified voltage. In the above condition, a 
voltage corresponding to image data is applied to the 
segment electrode Xa by the segment electrode drive 
circuit 3 based on a display signal from the aforemen- 
tioned display control circuit 6 (refer to Fig. 1). Con- 
sequently, an approximately equal voltage is applied 
to the island electrode 23 ai while a voltage approxi- 
mately equal to the voltage across the segment elec- 
trode X a and the common electrode (the voltage 
referred to as the "display voltage" hereinafter) is ap- 
plied to the liquid crystals 21 in the area of the island 
electrode 23 a . 

Therefore, when the above-mentioned display 
voltage is not lowerthan "Vthl" and lowerthan "Vth2" 
as shown in Fig. 3, the liquid crystals 21 in the rele- 
vant pixel area are put into the focalconic state and 



dark data are written into the liquid crystals. In con- 
trast to the above, when t he display voltage is not low- 
er than "Vth2", the liquid crystals 21 in the relevant 
pixel area are put into the homeotropic orientation 

5 and light data are written into the liquid crystals. 

Then a voltage corresponding to image data is 
applied to the segment electrode Xt> by the segment 
electrode drive circuit 3. Consequently, a voltage ap- 
proximately equal to the display voltage is applied to 

10 the liquid crystals 21 in the area of the relevant island 
electrode 23 b , and light data or dark data are written 
into the relevant liquid crystals 21 according to the 
display voltage. 

By repeating the above-mentioned operation, 

15 voltages corresponding to the image data are suc- 
cessively written into the segment electrodes X 1( 
X 2 , ... X m under the control of the segment electrode 
drive circuit 3, with which the image is written into the 
pixels in the 1 st row and m columns of the aforemen- 

20 tioned pixel matrix. 

Then, the common electrode Y 2 in the 2nd row is 
selected by the common electrode drive circuit 2 to 
receive a specified voltage. In the above condition, 
voltages corresponding to the image data are suc- 

25 cessively applied to all the segment electrodes X 1t 
X 2 , ... X m by the segment electrode drive circuit 3, 
with which the image is written into the pixels in the 
2nd row and m columns. 

Subsequently, the above-mentioned operation is 

30 repeated to write the image into the matrix of pixels 
in n rows and m columns to display the image. 

The above are the principle of operations in each 
of the image input mode, pen input mode, image read 
mode, and image display mode of the image input de- 

35 vice-integrated display unit 1 employing phase tran- 
sition type liquid crystals as the liquid crystals 21. 

In the present embodiment as described above, 
phase transition type liquid crystals are interposed 
between the common electrode Y formed via the 

40 light-shielding film 25 on the glass plate 28 and the 
island electrode 23 of each pixel electrically connect- 
ed via the photoconductor 22 to the segment elec- 
trode X formed on the glass plate 29 to constitute the 
image input device-integrated display unit 1. 

45 In the image input mode, the phase transition 
type liquid crystals in all the pixels of the pixel matrix 
composed of the areas of intersections between a 
plurality of segment electrodes X and a plurality of 
common electrodes Y are put into the Grandjean 

so state under the control of the display control circuit 6, 
image input control circuit 8, and back light control cir- 
cuit 12. Subsequently, reflection light from the white 
area of the document 31 is made to strike on the pho- 
toconductor 22 to make the photoconductor 22 have 

55 a low resistance to thereby put the phase transition 
type liquid crystals of the pixels on which the reflec- 
tion light strikes into the focalconic state. 

Thus the optical image of the document is copied 
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into the pixel matrix. 

In the pen input mode, the phase transition type 
liquid crystals in all the pixels of the pixel matrix are 
put into the Grandjean state under the control of the 
display control circuit 6, image input control circuit 8, 5 
and backlight control circuit 12. Subsequently, reflec- 
tion light of the light from the light source 41 of the in- 
put pen 10 is made to strike on the photoconductor 
22 to make the photoconductor 22 have a low resis- 
tance to thereby put the phase transition type liquid 10 
crystals of the pixels at which the pen input took place 
into the focalconic state. 

Thus the image is written into the above- 
mentioned pixel matrix by means of the input pen 10. 

In the i mage read mode, the control light from the 15 
back light 11 is made to strike on the photoconductor 
22 to make the photoconductor 22 have a low resis- 
tance to thereby scan the island electrodes 23 suc- 
cessively with a voltage such that it does not change 
the state of the phase transition type liquid crystals 20 
underthe control of the image data detection control 
circuit 7 and the back light control circuit 12. In the 
above time, each common electrode Y is successive- 
ly selected by the common electrode selection circuit 
4 to detect the time series of the voltage induced at 25 
the common electrode Y by means of the image data 
detection circuit 9. 

Thus the image data of each pixel constituting 
the aforementioned pixel matrix (i.e., the alignment 
state of the phase transition type liquid crystals) are 30 
taken out as an electric signal corresponding to the 
alignment state of the phase transition type liquid 
crystals pertinent to the pixel. 

In the image display mode, voltages correspond- 
ing to the image data are applied to all the segment 35 
electrodes through X„, while successively select- 
ing each common electrode Y underthe control of the 
display control circuit 6 and the back light control cir- 
cuit 12. In the above time, the control light from the 
back light 11 is made to strike on the photoconductor 40 
22 to make the photoconductor 22 have a low resis- 
tance to thereby apply a voltage corresponding to the 
image data to the phase transition type liquid crystals 
of the relevant pixels constituting the pixel matrix, 
with which the alignment state of the phase transition 45 
type liquid crystals of the relevant pixels is put into an 
alignment state corresponding to the image data. 

Thus an image corresponding to the image data 
is written into the above-mentioned pixel matrix to 
display the image. so 

Therefore, according to the image input device- 
integrated type display device employing the image 
input device-integrated display unit 1 of the present 
embodiment, the image display function, document 
optical image copying function, display image read 55 
function, and the pen input function can be provided 
by one device. 



Second embodiment 

Then the following describes the operation of the 
image input device-integrated display unit 1 employ- 
ing a current/electric field effect type liquid crystals 
as the liquid crystals 21 in regard to each mode. The 
liquid crystals of the above type are n-type choleste- 
ric liquid crystals, liquid crystals formed by mixing the 
n-type cholesteric liquid crystals with n-type nematic 
liquid crystals, or smectic-A liquid crystals. 

It is noted that the image input device-integrated 
display unit of the present embodiment has utterly 
the same construction as that of the image input de- 
vice-integrated display unit 1 as shown in Fig. 2 ex- 
cept for the liquid crystals. Therefore, the following 
description is made with reference to Fig. 2. 

Before explaining the operation, reference is first 
made to a change of the alignment state of the liquid 
crystals. 

Figs. 9 (a) through 9 (d) schematically show a 
change of the state of the current/electric field effect 
type liquid crystals. 

Referring to Fig. 9 (a), in the initial state, the hel- 
ical axes of the cholesteric liquid crystal molecules 
are in the Grandjean state where the helical axes are 
aligned in a direction perpendicular to the electrode 
surfaces, when the current/electric field effect type 
liquid crystals (referred to merely as the "liquid crys- 
tals" in the present embodiment) are transparent. 

Then referring to Fig. 9 (b), when a DC voltage or 
a low-frequency AC voltage is applied to the liquid 
crystals and the voltage is gradually increased, the 
negative ions incorporated into the liquid crystals 
move at a voltage which is not lower than a threshold 
voltage. With the above-mentioned operation, the 
helical axes aligned in a direction are disordered to be 
directed in irregular directions to be in the focalconic 
state. In the focalconic state, the liquid crystals are 
optically opaque. 

The focalconic state is stored even when the 
electric field is removed as shown in Fig. 9 (c). 

In order to erase the alignment state of the liquid 
crystals thus stored, a voltage having a high frequen- 
cy (several kilohertz) at which no current effect is 
generated is applied to the liquid crystals as shown 
in Fig. 9 (d). With the above-mentioned operation, 
the liquid crystal molecules directed in irregular direc- 
tions are aligned in a direction to be restored into the 
Grandjean state. 

The above-mentioned liquid crystal molecules 
have an anisotropy of dielectric constant, and there- 
fore the dielectric constant of the entire liquid crystal 
cell changes depending on the alignment state of the 
liquid crystal molecules. 

(1) Image input mode 

In a first step, the liquid crystals 21 are entirely 
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put into the transparent state (i.e., the aforemen- 
tioned Grandjean state). 

Control light is irradiated by the backlight 11 from 
the side of the glass plate 29, and a voltage having a 
high frequency (several kilohertz) at which no current 5 
effect is generated is applied across the segment 
electrode X and the common electrode Y under the 
control of the display control circuit 6. In the above 
time, the voltage may be applied either successively 
or simultaneously. Consequently, the liquid crystals 
21 are put into the Grandjean state to be entirely 
transparent, i.e., put into the initial state before the 
write operation. 

In a second step, the reflection light from the 
document is copied into the liquid crystals 21. 

The above-mentioned document is placed under 
the glass plate 29 with the document closely fit to the 
glass plate 29. Under the control of the image input 
control circuit 8, a DC voltage or a low-frequency AC 
voltage which is not lower than the threshold voltage 
at which the liquid crystals 21 are transformed into 
the focalconic state by the current effect is applied 
successively or simultaneously across each segment 
electrode X and each common electrode Y. Then by 
irradiating document illumination light by means of 
the back light 11 from the side of the glass plate 28, 
the light transmitted through the image input device- 
integrated display unit 1 is converged on the surface 
of the document by the micro lens 27. 

In the case where the convergence light strikes 
on a white area of the document, the reflection light 
strikes on the photoconductor 22 to make the photo- 
conductor 22 have a low resistance. Then a voltage 
approxi mately equal to the DC voltage or the low-fre- 
quency AC voltage which is not lower than the afore- 
mentioned threshold voltage applied across the seg- 
ment electrode X and the common electrode Y is ap- 
plied across the island electrode 23 and the common 
electrode Y (i.e., to the liquid crystals 21), with which 
the liquid crystals 21 are transformed from the 
Grandjean state where the liquid crystals are trans- 
parent to the focalconic state where the liquid crystals 
are turbid whitely. 

In other words, the white area of the document is 
invertedly written into the liquid crystals 21 as a black 
area. 

In contrast to the above, in the case where the 
convergence light strikes on a black area of the docu- 
ment, no reflection light strikes on the photoconduc- 
tor 22 to allow the photoconductor 22 to remain hav- 
ing a high resistance. In the above time, by setting 
the dark resistance of the photoconductor 22 at a val- 
ue such that it becomes higher than the resistance of 
the liquid crystals 21, a great voltage drop due to the 
photoconductor 22 results to apply almost no voltage 
across the island electrode 23 and the common elec- 
trode Y. Therefore, the liquid crystals 21 maintain the 
initial Grandjean state to be transparent. 



In other words, the black area of the document is 
invertedly written into the liquid crystals 21 as a white 
area. 

Thus the negative image of the document is writ- 
ten into the matrix of n x m pixels of the image input 
device-integrated display unit 1. 

(2) Pen input mode 

The liquid crystals 21 are put into the initial state 
in the same manner as in the aforementioned image 
input mode. Subsequently, under the control of the 
image input control circuit 8, a DC voltage or a low- 
frequency AC voltage which is not lower than the 
threshold voltage at which the liquid crystals 21 are 
transformed into the focalconic state is applied suc- 
cessively or simultaneously across each segment 
electrode X and each common electrode Y. It is noted 
that the principle of the pen input operation is the 
same as the principle of operation in the aforemen- 
tioned image input mode. 

When the pen touch switch 45 of the input pen 10 
having a structure as shown in Fig. 6 is turned on, 
light is emitted from the light source 41 . Then the light 
from the light source 41 is transmitted through the 
image input device-integrated display unit 1 and re- 
flected on the white sheet placed under the glass 
plate 29 to be incident on the photoconductor 22. 

Consequently, the resistance of the photocon- 
ductor 22 is reduced to make the electric potential at 
the island electrode 23 be approximately equal to the 
electric potential at the segment electrode X, and the 
DC voltage or the low-frequency AC voltage which is 
not lower than the aforementioned threshold voltage 
is applied to the liquid crystals 21 constituting the rel- 
evant pixel. Thus the liquid crystals 21 are trans- 
formed into the focalconic state (where the liquid 
crystals are turbid whitely). 

Subsequently, when the input pen 10 is moved 
out of the relevant pixel area or the input pen 1 0 is put 
apart from the image input device-integrated display 
unit 1 to turn off the pen touch switch 45, no light is 
incident on the relevant pixel to make the resistance 
of the photoconductor 22 be the dark resistance. 
Consequently, a great voltage drop takes place at the 
photoconductor 22, with which the voltage applied to 
the liquid crystals 21 is made to be "0". 

Thus the liquid crystals 21 in the relevant pixel 
area which are put into the focalconic state by the pen 
input maintains the focalconic state. In other words, 
dark data are written into the liquid crystals 21 in the 
relevant pixel area by the pen input. 

By time-sharingly processing the above- 
mentioned pen input mode and the image read mode 
as described hereinafter, the coordinates of the pixel 
currently designated by the input pen 10 can be de- 
tected. 

In order to erase the image data already written, 
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a voltage which has a high frequency (several kilo- 
hertz) not lower than the aforementioned threshold 
value is required to be applied across the segment 
electrode X and the common electrode Y to put the 
liquid crystals 21 of the pixels traced by the input pen 5 
10 into the Grandjean state. 

(3) Image read mode 

Control light is irradiated by the backlight 11 from 10 
the side of the glass plate 29 of the image input de- 
vice-integrated display unit 1. Then the incident light 
strikes on the photoconductor 22 to make the photo- 
conductor 22 have a low resistance. 

In the above condition, pulses of a DC voltage or 1 5 
a low-frequency AC voltage not higher than the afore- 
mentioned threshold voltage is successively applied 
to each of the segment electrodes X 1f X 2 . ... X,,, by 
means of the segment electrode drive circuit 3 under 
the control of the aforementioned image data detec- 20 
tion control circuit 7. In the above time, since the pho- 
toconductor 22 has a low resistance, the island elec- 
trode 23 is scanned by a pulse having a voltage ap- 
proximately equal to the voltage applied to the seg- 
ment electrode X. In the above case, the above- 25 
mentioned DC voltage or the low-frequency AC vol- 
tage not higher than the aforementioned threshold 
value is applied to the liquid crystals 21 , and therefore 
the alignment state of the liquid crystals 21 does not 
change. 30 

Consequently, a voltage is induced at the com- 
mon electrode Y due to the pulse voltage applied to 
the island electrode 23 which is electrostatically cou- 
pled with the aforementioned common electrode Y. In 
the above case, the magnitude of the induction vol- 35 
tage corresponds to the electrostatic capacitance 
generated across the island electrode 23 and the 
common electrode Y. Since the distance between the 
island electrode 23 and the common electrode Y is 
constant, the electrostatic capacitance across the is- 40 
land electrode 23 and the common electrode Y varies 
according to the dielectric constant of the liquid crys- 
tals 21. 

The dielectric constant of the liquid crystals 21 
varies according to the alignment state of the liquid 45 
crystal molecules. The alignment state of the liquid 
crystal molecules determines the brightness condi- 
tion of the data to be written. 

Therefore, by detecting the voltage induced by 
selecting one common electrode Y while the segment so 
electrodes through X^ are scanned once, the 
alignment state of the liquid crystals 21 of the pixels 
in the 1 st row and m columns provided in the position 
of the common electrode Y (i.e., the brightness con- 
dition of the pixel) can be detected in time series. 55 

Thus by scanning the segment electrodes ^ 
through Xn, by means of the segment electrode drive 
circuit 3 every time selecting successively each of 



the common electrode Y, through Y n by means of the 
common electrode selection circuit 4, image data of 
the matrix of the pixels in n rows and m columns are 
read as an electric signal. 

It is noted that the control light for making the 
photoconductor 22 have a low resistance is not al- 
ways required to be irradiated in the above- 
mentioned image read mode. 

(4) Image display mode 

Illumination light is irradiated by the back light 11 
from the side of the glass plate 29. Then the photo- 
conductor 22 is made to have a low resistance to 
make the island electrode 23 have approximately 
equal electric potential as the electric potential at the 
segment electrode X. 

In the above condition, each common electrodes 
Y is successively selected by the common electrode 
drive circuit 2 under the control of the display control 
circuit 6 to set the common electrode Y at a specified 
electric potential. Then all the segment electrodes X, 
through X m are successively scanned by the segment 
electrode drive circuit 3 while a specified common 
electrode is selected to apply the aforementioned DC 
voltage (or the low-frequency AC voltage) or a high- 
frequency (several kilohertz) not lower than the 
threshold value to each of the segment electrodes Xi 
through Xn, according to the image data. 

Consequently, the pixels relevant to the liquid 
crystals 21 to which the DC voltage (or the low-fre- 
quency AC voltage) not lower than the aforemen- 
tioned threshold value is applied among the pixels 
constituting the aforementioned pixel matrix exhibit a 
dark display. Meanwhile, the pixels relevant to the liq- 
uid crystals 21 to which the high-frequency voltage is 
applied exhibit a light display. Thus an image corre- 
sponding to the aforementioned image data is dis- 
played on the above-mentioned pixel matrix. 

Third embodiment 

Then the following describes the principle of op- 
eration of the image input device-integrated display 
unit 1 employing ferroelectric liquid crystals as the liq- 
uid crystals 21 in regard to each mode. 

Fig. 10 is a sectional view showing the structure 
of an image input device- integrated type display unit 
1 of the present embodiment taken along the com- 
mon electrode Y, where the same components as 
those in Fig. 2 are denoted by the same numerals and 
no detailed description therefor is provided herein. 

The above-mentioned ferroelectric liquid crys- 
tals are in either of only two stable states in the case 
where they are encapsulated in a cell having a thick- 
ness of several micrometers. The liquid crystals have 
the characteristic of storing either of the stable states 
in which they are. 
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In the above case, the above-mentioned two sta- 
ble states include the state in which the ferroelectric 
liquid crystals are directed in one direction (assumed 
to be a direction A) and the state where the ferroelec- 
tric liquid crystals are directed in the other direction 
(assumed to be a direction B) in a plane in parallel 
with the aforementioned ceil. When a polarization 
plate is placed with its polarization direction directed 
in a direction perpendicular to one (assumed to be the 
direction A) of the two directions, the ferroelectric liq- 
uid crystals of which molecules are directed in the di- 
rection (direction A) produce a transmission light hav- 
ing a low intensity. The ferroelectric liquid crystals of 
which molecules are directed in the other direction 
(direction B) produce a transmission light having a 
high intensity. It is noted that the two directions (di- 
rection A and direction B) are not always perpendic- 
ular to each other in the above case. 

A transition between the above-mentioned two 
stable states can be effected only by changing the po- 
larity of the voltage to be applied to the liquid crystals. 

Referring to Fig. 10, there are included ferroelec- 
tric liquid crystals 51, a photoconductor 22, an island 
electrode 23, a segment electrode X, and a common 
electrode Y. It is noted that the segment electrode X, 
the common electrode Y, and the island electrode 23 
are transparent electrodes made of ITO (indium tin 
oxide). 

A polarizer 52 is formed on the common elec- 
trode Y on the photoconductor 22. The polarization 
direction of the polarizer 52 is in the same direction 
as that of the common electrode Y in the plane of the 
paper on which Fig. 10 is illustrated, the polarization 
direction Indicated by an arrow M < — as shown in 
Fig. 10. 

The ferroelectric liquid crystals 51 exhibit two 
stable molecule alignments in a plane which is per- 
pendicular to the plane of the paper and in parallel 
with the polarization direction of the polarizer 52. One 
of the alignments is a molecular alignment in a direc- 
tion perpendicular to the polarization direction of the 
polarizer 52, the molecular alignment indicated by V 
as shown in Fig. 10. The other is the molecular align- 
ment in a direction approximately in parallel with the 
polarizing element of the polarizer 52, the molecular 
alignment indicated by '*<- 

Therefore, when the polarization direction of the 
polarizer 52 and the molecular alignment direction of 
the ferroelectric liquid crystals 51 are the combina- 
tion of "< — and V, the polarization direction of the 
polarizer 52 and the alignment direction of the ferro- 
electric liquid crystals 51 are perpendicular to each 
other, and therefore a laminate of the polarizer 52 and 
the ferroelectric liquid crystals 51 allows less light to 
be transmitted therethrough. In contrast to the 
above, when the above-mentioned combination is of 
"< — and "< — the polarization direction of the 
polarizer 52 and the alignment direction of the ferro- 



electric liquid crystals 51 are approximately in parallel 
with each other, and therefore the laminate of the po- 
larizer 52 and the ferroelectric liquid crystals 51 al- 
lows more light to be transmitted therethrough. 

5 The two alignment directions of -V 1 and *V of 

the ferroelectric liquid crystals 51 can be controlled 
by inverting the polarity of the voltage applied across 
the common electrode Y and the island electrode 23. 
It is assumed in the present embodiment that the 

10 alignment direction of the ferroelectric liquid crystals 
51 is V when the common electrode Y is in the neg- 
ative polarity and the island electrode 23 is in the pos- 
itive polarity, and conversely the alignment direction 
of the ferroelectric liquid crystals 51 is "<- when 

15 the common electrode Y is in the positive polarity and 
the island electrode 23 is in the negative polarity. 

(1) Image input mode 

20 Figs. 11 (a) through 11 (d) show the operation of 
the image input device-integrated display unit 1 in the 
image input mode. 

In a first step, the alignment direction of the en- 
tire ferroelectric liquid crystals 51 is put in the state 

25 of V as shown in Fig. 11 (a). 

Control light is irradiated on the entire surface of 
the liquid crystals by the back light 11 from the side 
of the glass plate 29 to apply a negative voltage to the 
common electrode Y and a positive voltage to the 

30 segment electrode X from the power source 30 under 
the control of the display control circuit 6. In the 
above case, the voltages may be applied either suc- 
cessively or simultaneously. Consequently, the pho- 
toconductor 22 on which the control light strikes is 

35 made to have a low resistance, with which the island 
electrode 23 and the segment electrode X are made 
to have an equal voltage, while the alignment direc- 
tion of the ferroelectric liquid crystals 51 is made to 
be entirely V, i.e., in the initial state before the write 

40 operation. 

In a second step, reflection light from a document 
is copied into the ferroelectric liquid crystals 51. 

I n a manner as shown in Fig. 1 1 (b), the document 
31 is placed under the glass plate 29 with the docu- 

45 ment closely fit to the glass plate 29. Under the con- 
trol of the image input control circuit 8, a positive vol- 
tage is applied to the common electrode Y and a neg- 
ative voltage is applied to the segment electrode X 
from the power source 30. In the above case, the vol- 

50 tages may be applied either successively or simulta- 
neously. Then polarized illumination light having a po- 
larization direction of is irradiated on the entire 
surface of the liquid crystals from the side of the 
glass plate 28. 

55 Consequently, the polarization direction of the 
polarized illumination light is perpendicular to the po- 
larization direction of the polarizer 52, and therefore 
the polarized illumination light does not enter into a 
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portion directly below the polarizer 52. In other 
words, the polarized illumination light from above 
does not reach the polarizer52. Meanwhile, the align- 
ment direction of the ferroelectric liquid crystals 51 is 
the same as the polarization direction of the polarized 5 
illumination light Therefore, the polarized illumina- 
tion light which enters from the area of the transpar- 
ent insulator 26 except for the polarizer 52 and is 
transmitted through the common electrode Y to reach 
the ferroelectric liquid crystals 51 is transmitted 10 
through the ferroelectric liquid crystals 51. The pola- 
rized illumination light is further transmitted through 
the island electrode 23 and the segment electrode X 
to be converged on the surface of the document by 
the micro lens 27. 15 

In the case where the convergence light strikes 
on a white area of the document 31, reflection light 
strikes on the photoconductor 22 to make the photo- 
conductor 22 have a low resistance. Then the electric 
potential at the island electrode 23 is made to be ap- 20 
proximately equal to the electric potential at the seg- 
ment electrode X to apply the positive voltage to the 
common electrode Y and the negative voltage to the 
island electrode 23. Consequently, the alignment di- 
rection of the ferroelectric liquid crystals 51 changes 25 
from the state of V to the state of "V as shown 
in Fig. 11 (c). 

In other words, the white area of the document 31 
is written into the ferroelectric liquid crystals 51 as 
the alignment state of V- 30 

In contrast to the above, in the case where the 
convergence light strikes on a black area of the docu- 
ment 31, no reflected light strikes on the photocon- 
ductor 22 as shown in Fig. 11 (d), and therefore the 
photoconductor 22 remains having a high resistance 35 
(dark resistance). In the above case, by making the 
dark resistance of the photoconductor 22 have a re- 
sistance higher than the resistance of the ferroelec- 
tric liquid crystals 51 , a great voltage drop due to the 
photoconductor 22 results to apply almost no voltage 40 
across the island electrode 23 and the common elec- 
trode Y. Therefore, the alignment direction of the fer- 
roelectric liquid crystals 51 is maintained in the state 
ofV. 

In other words, the black area of the document 31 45 
is written into the ferroelectric liquid crystals 51 as 
the alignment state of V\ 

Thus the optical image of the document 31 where 
the two alignment directions of the ferroelectric liquid 
crystals 51 exist mixedly is written into the matrix of so 
n x m pixels of the Image input device-integrated dis- 
play unit 1 and then temporarily stored. Therefore, in 
viewing the image copied into the above-mentioned 
pixel matrix, a positive image display results when 
the polarization direction of the display illumination 55 
light irradiated from the side of the glass plate 29 is 
V -V, while a negative image display results when 
the polarization direction is V. 



(2) Pen input mode 

Figs. 12 (a) through 12 (c) show the operation of 
the image input device- integrated display unit 1 in the 
pen input mode. 

In a first step, the alignment direction of the en- 
tire ferroelectric liquid crystals 51 is put in the state 
of V- -V as shown in Fig. 12 (a). 

Control light is irradiated on the entire surface of 
the liquid crystals by the back light 11 from the side 
of t he glass plate 29 to apply a positive voltage to the 
common electrode Y and a negative voltage to the 
segment electrode X from the power source 30 under 
the control of the display control circuit 6. In the 
above case, the voltages may be applied either suc- 
cessively or simultaneously. Consequently, the pho- 
toconductor 22 on which the control light strikes is 
made to have a low resistance, with which the island 
electrode 23 and the segment electrode X are made 
to have an equal voltage, while the alignment direc- 
tion of the ferroelectric liquid crystals 51 is made to 
be entirely V- -V\ i.e., in the initial state before the 
write operation. 

In a second step, an image is written on the pixel 
matrix by means of the input pen 10. 

Under the control of the image input control cir- 
cuit 8, a negative voltage is applied to the common 
electrode Y and a positive voltage is applied to the 
segment electrode X from the power source 30 as 
shown in Fig. 12 (b). In the above case, the voltages 
may be applied either successively or simultaneous- 
ly- 

In the above condition, the tip of the input pen 10 
having a structure as shown in Fig. 6 is pressed 
against a pen input position on the image input de- 
vice-integrated display unit 1. Then the pen touch 
switch 45 is turned on to emit light from the light 
source 41 . The light from the light source 41 is circu- 
larly polarized light, and therefore the light is trans- 
mitted through the polarizer 52 to directly strike on 
the photoconductor 22. Consequently, the photocon- 
ductor 22 is made to have a low resistance to make 
the island electrode 23 and the segment electrode X 
have an equal electric potential, with which the align- 
ment direction of the ferroelectric liquid crystals 51 is 
transformed from the initial state of "< — >" to the 
state of V. 

Subsequently, when the input pen 10 is moved 
out of the relevant pixel area or the input pen 1 0 is put 
apart from the image input device-integrated display 
unit 1 to turn off the pen touch switch 45, no light is 
incident on the relevant pixel to make the resistance 
of the photoconductor 22 be the dark resistance. 
Consequently, a great voltage drop takes place at the 
photoconductor 22, with which the voltage applied to 
the ferroelectric liquid crystals 51 is made to substan- 
tially be "0". 

Thus the ferroelectric liquid crystals 51 of which 
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alignment direction is V by the pen input maintains 
their alignment state. In other words, image data are 
written and stored into the ferroelectric liquid crystals 
51 in the relevant pixel area by the pen input. It is not- 
ed that the island electrode 23 is charged with posi- 5 
tive electric charges in the above case as shown in 
Fig. 12 (c). 

In contrast to the above, the ferroelectric liquid 
crystals 51 in the pixel area where no pen input took 
place maintain the initial state of while the is- 10 

land electrode 23 is not charged with electric charg- 
es. 

By time-sharlngly processing the above- 
mentioned pen input mode and the image read mode 
as described hereinafter, the coordinates of the pixel 1 5 
at which the input pen 10 is designating can be de- 
tected. 

In order to erase the image already written, a 
negative voltage is applied to the segment electrode 
X and a positive voltage is applied to the common 20 
electrode Y to change the alignment direction of the 
ferroelectric liquid crystals 51 in the pixel area which 
was traced by the input pen 10 into the state of "« — 

In the pen input mode of the aforementioned first 
and second embodiments, an image is written into 25 
the liquid crystals by means of reflection light from 
the input pen 10, and therefore a white- sheet is nec- 
essary as a reflective object However, in the pen in- 
put mode of the present embodiment, an image is di- 
rectly written into the ferroelectric liquid crystals 51 30 
by means of lightfrom the input pen 10, and therefore 
no white sheet is necessary as a reflective object. 

(3) Document image read mode 

35 

The document image read mode is the mode for 
reading brightness data of a document as an electric 
signal. 

Figs. 13 (a) through 13 (c) show the operation of 
the image input device- integrated display unit 1 in the 40 
document image read mode. 

In a first step, the alignment direction of the en- 
tire ferroelectric liquid crystals 51 is put into the initial 
state of as shown in Fig. 13 (a). 

Control light is irradiated on the entire surface of 45 
the liquid crystals by the back light 11 from the side 
of the glass plate 29. Under the control of the display 
control circuit 6, a positive voltage is applied to the 
common electrode Y and a negative voltage is ap- 
plied to the segment electrode X from the power so 
source 30. Consequently, the island electrode 23 and 
the segment electrode X are made to have an equal 
voltage, with which the alignment direction of the en- 
tire ferroelectric liquid crystals 51 is put into the state 
of V Subsequently when irradiation of the con- 55 
trol light is stopped, the island electrode 23 is charged 
with negative electric charges. The above-mentioned 
state is the initial state. 



In a second step, reflection light from the docu- 
ment is copied into the ferroelectric liquid crystals 51 . 

In a manner as shown in Fig. 13 (b), polarized il- 
lumination light having a polarization direction of 
perpendicular to the polarization direction of "< — >" 
of the polarizer 52 is irradiated from the side of the 
glass plate 28. Meanwhile, a document 31 is placed 
under the glass plate 29 with the document closely fit 
to the glass plate 29. Under the control of the image 
input control circuit 8, a positive voltage is applied to 
the segment elect rode X and a negative voltage is ap- 
plied to the common electrode Y from the power 
source 30. It is noted that the voltage applied to the 
ferroelectric liquid crystals 51 is a voltage which is 
lower than such a threshold voltage that it does not 
change the alignment direction. 

Since the polarization direction of "< — of the 
polarizer 52 and the polarization direction of V of the 
polarized illumination light are perpendicular to each 
other, the photoconductor 22 is not directly illuminat- 
ed the polarized illumination light Besides, the two 
possible alignment directions- of the ferroelectric liq- 
uid crystals 51 are not perfectly perpendicular to each 
other for the reason as described above. Therefore, 
the polarization direction of the polarized illumination 
light and the alignment direction of the ferroelectric 
liquid crystals 51 are not perfectly perpendicular to 
each other, which results in a small quantity of light 
transmitted from the ferroelectric liquid crystals 51. 
The transmission light is used to illuminate the docu- 
ment 31. 

When there is reflection lightfrom the document 
31, the resistance of the photoconductor 22 is re- 
duced. In the above case, a positive voltage which is 
not higher than the threshold value is applied to the 
segment electrode X. Therefore, the negative electric 
charges charged at the island electrode 23 leak by 
way of the photoconductor 22. Consequently, the 
quantity of negative charges at the island electrode 
23 is reduced. When there is no reflection lightfrom 
the document 31, the resistance of the photoconduc- 
tor 22 keeps the dark resistance. Therefore, the is- 
land electrode 23 is still charged with the negative 
electric charges built up in the initial state. 

Thus the monochrome data of the aforemen- 
tioned document 31 are copied as- data of electric 
charges at the island electrode 23. 

In either of the above-mentioned cases, the 
alignment direction of the ferroelectric liquid crystals 
51 does not change. 

In a third step, the image data copied into the is- 
land electrode 23 are converted into an electric sig- 
nal. 

In a manner as shown in Fig. 13 (c), control light 
having a polarization direction of M <- in parallel 
with the polarization direction of V- of the afore- 
mentioned polarizer 52 is irradiated from the side of 
the glass plate 28. Under the control of the image 
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data detection control circuit 7, a negative voltage is 
applied to each segment electrode X and a positive 
voltage is applied to each common electrode Y from 
the power source 30. 

Then a load resistor is inserted in a portion of the 
electric circuit composed of the aforementioned pow- 
er source 30, common electrode Y, and segment elec- 
trode X. 

In the pixel where the quantity of electric charges 
at the island electrode 23 is reduced by the reflection 
light from the document 31 in the above-mentioned 
second step, negative charges are supplemented to 
the island electrode 23 from the segment electrode 
X to which the negative voltage is applied. In the 
above case, a current flows through the aforemen- 
tioned electric circuit, and therefore an electric poten- 
tial difference takes place across the terminals of the 
load resistor. 

In contrast to the above, in the pixel where the 
quantity of the electric charges at the island elec- 
trode 23 is not reduced because of no reflection light 
from the document 31 , the negative charges are not 
supplemented to the island electrode 23 from the 
segment electrode X, and therefore no electric poten- 
tial difference takes place across the terminals of the 
load resistor. 

In a third step, the above-mentioned load resistor 
is practically connected to the segment electrode X, 
and the aforementioned control light having the po- 
larization direction of "< — > a is irradiated on each 
common electrode Y one by one. Then the control 
light is irradiated successively onto the common elec- 
trode through the common electrode Y n to scan 
the common electrode Y. By successively detecting 
the electric potential differences across the terminals 
of the load resistor connected to each of the segment 
electrodes through X m when the control light is ir- 
radiated on a certain common electrode Y, the charge 
conditions of the island electrode 23 in (m) pixels pro- 
vided at the position of the common electrode Y (i.e., 
the presence or absence of reflection light from the 
document 31, which is equal to the brightness condi- 
tion of the document 31) can be read as a time series 
of an electric signal. 

Fig. 14 shows the concept of the operation of the 
image input device-integrated display unit 1 in the 
document image read mode. The electric circuit com- 
posed of the aforementioned power source 30, com- 
mon electrode Y, and segment electrode X can be ex- 
pressed by an equivalent circuit as shown in Fig. 14 
(a). 

In more detail, a capacitor 55 is the electrostatic 
capacitance across the above-mentioned common 
electrode Y and the island electrode 23. A switch 56 
is the photoconductor 22 which is made to have a low 
resistance (i.e., "on" condition) when it receives light 
to make the electric potential at the island electrode 
23 equal to the electric potential at the segment elec- 



trode X. A power source 57 is the aforementioned 
power source 30. 

First, control light is temporarily irradiated on the 
above-mentioned switch 56 to turn on the switch 56 

5 and thereby charge the capacitor 55 with electric 
charges (aforementioned first step). 

Then, as shown in Fig. 14 (b), the electric charg- 
es in the capacitor 55 is made to leak by removing the 
power source 57 (making the voltage applied to the 

10 ferroelectric liquid crystals 51 from the power source 
30 be not higher than the threshold voltage) and 
thereby turning on the switch 56. In the above case, 
turning-on and turning-off operations of the switch 
56 are controlled by the reflection light from the docu- 

15 ment 31 (aforementioned second step). 

Then, as shown in Fig. 14 (c), the aforementioned 
power source 57 is inserted again and a load resistor 
R L is inserted in between the switch 56 and the power 
source 57. The switch 56 is turned on to supplement 

20 the electric charges leaked from the capacitor 55 by 
means of the power source 57. Then, in a capacitor 
55 from which the electric charges have leaked, a 
current flows to supplement the leak electric charges 
to generate an electric potential difference across the 

25 terminals of the load resistor Rl. In contrast to the 
above, In a capacitor 55 from which no electric charg- 
es have leaked, no current flows to generate no elec- 
tric potential difference across the terminals of the 
load resistor R L (aforementioned third step). 

30 Therefore, by detecting the electric potential dif- 
ference across the terminals of the above-mentioned 
load resistor Rl, the optical image of the document 31 
can be read as an electric signal. 

It is noted that the turning-on and turning-off of 

35 the switch 56 is controlled by the control light irradi- 
ated on each common electrode Y one by one. 

(4) (mage read mode 

40 The operation of the image input device-integrat- 
ed display unit 1 in the image read mode is basically 
the same as in the aforementioned document image 
read mode. 

Fig. 1 5 (a) shows the condition of the Image input 
45 device- integrated display unit 1 relevant to the pixel 
immediately after image data are written into the ma- 
trix of n x m pixels by the input pen 10 in the afore- 
mentioned pen input mode. The condition shown in 
Fig. 15 (a) is the same as the condition shown in Fig. 
50 1 2 (c), where the island electrode 23 is charged with 
positive electric charges. 

Then, as shown in Fig. 1 5 (b), a linear control light 
is irradiated on each common electrode Y one by one 
from the side of the glass plate 29 of the image input 
55 device-integrated display unit 1 to scan the common 
electrodes Y, through Y m . Under the control of the 
image data detection control circuit 7, a negative vol- 
tage is applied to each segment electrode X and a 
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positive voltage is applied to each common electrode 
Y from the power source 30. In the above case, each 
of the voltages applied to the ferroelectric liquid crys- 
tals 5 1 is a voltage which is not higher than the thresh- 
old value at which the alignment direction of the fer- 5 
roelectric liquid crystals 51 is not changed. 

Then a load resistor is inserted in a portion of the 
electric circuit composed of the aforementioned pow- 
er source 30, common electrode Y, and segment elec- 
trode X. w 

As described above, the island electrode 23 rel- 
evant to the pixel at which the pen input took place is 
charged with positive electric charges. Therefore, 
control light is irradiated on the photoconductor22 to 
make the island electrode 23 and the segment elec- 15 
trode X have an equal electric potential. Then a neg- 
ative voltage is applied to the segment electrode X 
and a positive voltage is applied to the common elec- 
trode Y, with which a current flows through the afore- 
mentioned electric circuit to produce an electric po- 20 
tential difference across the terminals of the afore- 
mentioned load resistor. 

In contrast to the above, the island electrode 23 
relevant to the pixel at which no pen input took place 
is not charged with positive electric charges. There- 25 
fore, no current flows through the aforementioned 
electric circuit to produce no electric potential differ- 
ence across the terminals of the aforementioned load 
resistor. 

Thus by detecting the electric potential differ- 30 
ence across the terminals of the aforementioned load 
resistor, the image data written into the pixel matrix 
of the image input device-integrated display unit 1 by 
the input pen 10 can be read as an electric signal. 

35 

(5) Image display mode 



The image display mode is the mode in which im- 
age data are written into the pixel matrix of the image 
input device-integrated display unit 1 according to an 40 
electric signal. It is noted that the principle of image 
display operation by means of the image input de- 
vice-integrated display unit 1 is the same as the prin- 
ciple of image display operation of the conventional 
simple matrix type liquid crystal display. 45 

In a manner as shown in Fig. 16 (a), control light 
having a polarization direction of is irradiated 
by the back light 11 from the side of the glass plate 
29. Consequently, the photoconductor 22 on which 
the illumination light strikes is made to have a low re- 50 
sistance to make the island electrode 23 and the seg- 
ment electrode X have an equal electric potential. In 
the above condition, a negative voltage is applied to 
each segment electrode X and a positive voltage is 
applied to each common electrode Y from the power 55 
source 30 under the control of the display control cir- 
cuit 6. In the above time, a voltage which is not lower 
than a threshold value at which the alignment direc- 



tion of the ferroelectric liquid crystals 51 is changed 
is applied to the ferroelectric liquid crystals 51. Con- 
sequently, the alignment direction of the ferroelectric 
liquid crystals 51 is made to be w <- -V\ 

In due course, the alignment direction of the fer- 
roelectric liquid crystals 51 and the polarization direc- 
tion of the illumination light are put in parallel with 
each other, with which the illumination light irradiated 
from the side of the glass plate 29 is transmitted 
through the image input device-integrated display 
unit 1. 

Then each common electrode Y is successively 
selected by the common electrode drive circuit 2 to 
apply a specified negative voltage from the power 
source 30. While a certain common electrode is se- 
lected, a positive voltage is applied to all the segment 
electrodes X t through Xn, by means of the segment 
electrode drive circuit 3. In the above time, a voltage 
which is not lower than the threshold value at which 
the alignment direction of the ferroelectric liquid crys- 
tals 51 is changed is applied to the segment electrode 
X relevant to the pixel at which an image is displayed 
according to image data. Meanwhile, a voltage which 
is lower than the above-mentioned threshold value is 
applied to the segment electrode X relevant to the 
pixel at which no image is displayed. 

Consequently, as shown in Fig. 16 (b), the align- 
ment direction of the ferroelectric liquid crystals 51 
relevant to the pixel at which an image is displayed 
among the pixels constituting the aforementioned 
pixel matrix becomes 'V to be perpendicular to the 
polarization direction of "< — > n of the illumination 
light. Therefore, the pixel at which an image is dis- 
played exhibits a dark display. 

Meanwhile, the alignment direction of the ferro- 
electric liquid crystals 51 relevant to the pixel at which 
no image is displayed remains to be approxi- 
mately in parallel with the polarization direction of 

of the illumination light. Therefore, the pixel at 
which no image is displayed exhibits a light display. 

In the above case, by making the polarization di- 
rection of the illumination light equal to the polariza- 
tion direction of the polarizer 52, the polarizer 52 is 
prevented from being displayed as a black dot. 

It is noted that a negative image where the light 
portion and the dark portion are inverted can be dis- 
played by making the polarization direction of the Il- 
lumination light be V perpendicular to the polariza- 
tion direction of the polarizer 52. The negative image 
can be also displayed by inverting the polarities of 
the voltages applied to the segment electrode X and 
the common electrode Y with the polarization direc- 
tion of the illumination light kept intact. 

As described above, a positive/negative inver- 
sion can be achieved through a simple process in the 
case of the ferroelectric liquid crystals 51. 
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Fourth embodiment 

The micro lens 27 provided at the image input de- 
vice-integrated display unit 1 in each of the aforemen- 
tioned embodiments has a function of condensing 5 
the illumination light on the surface of the document 
and a function of preventing the cross-talk of the re- 
flection light from the document in the image input 
mode. However, there is the drawback that the illu- 
mination light cannot be effectively used in the image 10 
display mode. 

In order to solve the above-mentioned drawback, 
a plate-shaped optical fiber array 61 as shown in Fig. 
17 is used. It is noted that the piate-shaped optical 
fiber array 61 is used in place of the glass plate 29 of 15 
the aforementioned image input device- integrated 
display unit 1. 

The above-mentioned plate-shaped optical fiber 
array 61 is substantially composed of cylindrical opt- 
ical fibers 62 each having a certain length and a grat- 20 
ing-shaped partition 63 for partitioning a plurality of 
optical fibers 62 two-dimensionally arranged in par- 
allel with each other to hold the optical fibers 62 as 
formed in a plate shape where the lengthwise direc- 
tion of the optical fibers extends in the thickness di- 25 
rection of the optical fiber array 61. Each area parti- 
tioned by the above-mentioned partition 63 is a pixel 
area. 

The above-mentioned partition 63 is made of an 
opaque material in order to prevent the cross-talk be- 30 
tween the pixels. In order to reduce the loss of light, 
the projection area of the partition 63 is made to be 
as small as possible. 

As shown in Fig. 17, a difference-in-level 64 is 
provided between one end surface of the optical fib- 35 
ers 62 and an upper surface of the partition 63 at the 
upper in Fig. 17 (the upper surface referred to as the 
"surface A" hereinafter). On the other hand, the other 
end surface of the optica! fibers 62 and a lower sur- 
face of the partition 63 are in an identical plane atthe 40 
lower in Fig. 17 (the plane referred to as the "surface 
B" hereinafter). The segment electrode X, the trans- 
parent insulator 24, and so forth are laminated on the 
surface B. 

The plate-shaped optical fiber array 61 having 45 
the above-mentioned structure functions as follows 
in the image input mode. 

In the image input mode, a document is placed on 
the surface A (practically the surface A of the plate- 
shaped optical fiber array 61 is placed on the docu- 50 
ment). In the above case, since the difference-in-lev- 
el 64 is provided between the end surface of the opt- 
ical fibers 62 and the upper surface of the partition 
63, there is a gap between the end surface of the opt- 
ical fibers 62 and the surface of the document By 55 
taking advantage of the gap, illumination light is 
transmitted from the surface B to the surface A by 
way of the optical fibers 62 positioned at the periph- 



ery of each pixel, while reflection light from the docu- 
ment is transmitted from the surface A to the surface 
B by way of the optical fibers 62 positioned at the 
center of each pixel. 

As described above, the above-mentioned plate- 
shaped optical fiber array 61 has an ability of con- 
densing illumination light inferior to the same function 
of the micro lens 27 in the image input mode, how- 
ever, it has a sufficient cross-talk preventing function. 
There is almost no loss of illumination light irradiated 
from the surface A in the image display mode. 

Fifth embodiment 

There are three types of lights composed of dis- 
play illumination light, document illumination light, 
and control light as light irradiated onto the image in- 
put device-integrated display unit 1. It is very effec- 
tive for compacting the image input device-integrated 
type display device that one light source can concur- 
rently serve as the above-mentioned three light 
sources. In view of the above, the image input device- 
integrated type display device of the present embodi- 
ment is provided with a back light 11 which concur- 
rently serves as the above-mentioned three light 
sources. 

One side portion of the image input device-inte- 
grated display unit 1 constituting the above- 
mentioned image input device-integrated type dis- 
play device and one side portion of the back light 11 
are connected together mutually pivotal I y around a 
pivot portion 65 as shown in Fig. 18 (a). The backlight 
11 is designed to be able to irradiate light outwardly 
from its both surfaces 11a and 11b. 

With the above-mentioned arrangement, by 
turning the backlight 11 by approximately 360° in an- 
gle around the pivot portion 65, the back light 11 can 
irradiate light either on a display surface la (on the 
side of the glass plate 28) or a reflection surface 1b 
(on the side of the glass plate 29) of the image input 
device- integrated display unit 1. 

For instance, in the initial state of the aforemen- 
tioned image input mode and the pen input mode, im- 
age read mode, or image display mode, the image in- 
put device-integrated display unit 1 and the back light 
11 are in a relation in position as shown in Fig. 1 8 (b). 
Then the illumination lightfrom the surface 11a of the 
back light 11 is irradiated on the reflection surface lb 
of the image input device-integrated display unit 1. In 
the above case, the lightfrom the surface 11b of the 
back light 11 is not necessary, and therefore a reflec- 
tion plate is arranged on the side of the surface 11b 
to make the light from the back light 11 be effectively 
irradiated on the image input device- integrated dis- 
play unit 1. 

Then in the aforementioned image input mode or 
the document image read mode of the third embodi- 
ment employing ferroelectric liquid crystals, the back 
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light 11 is turned by approximately 360° in angle 
around the pivot portion 65 from the position as 
shown in Fig. 18 (b) to put the image input device-in- 
tegrated display unit 1 and the back light 11 in a rela- 
tion in position as shown in Fig. 18 (c). Meanwhile, a 5 
document 31 is placed under the reflection surface lb 
of the image input device-integrated display unit 1. 
Thus the document illumination light from the surface 
11b of the backlight 11 is irradiated on the image dis- 
play area la of the image input device-integrated dis- 10 
play unit 1. 

In the above case, the light from the surface Ma 
of the back light 11 is not necessary, and therefore a 
reflection plate is arranged on the side of the surface 
11a. 15 

By making one back light 11 concurrently serve 
as the three types of display illumination light source, 
document illumination light source, and control light 
source in a manner as described above, the image in- 
put device- integrated type display device can be en- 20 
tirely formed very compactly. 

As is evident from the above description, the im- 
age input device-integrated type display device con- 
trols the image input control circuit, document illumin- 
ation light source, and control light source by means 25 
of a control circuit in the image input mode to drive the 
segment electrode and the common electrode by 
means of the segment electrode drive circuit and the 
common electrode drive circuit based on an image in- 
put signal from the above-mentioned image input 30 
control circuit, and controls the turning-on and turn- 
ing-off of a voltage applied to the liquid crystals of the 
above-mentioned display unit by means of the light 
from the above-mentioned light sources to copy the 
optical image of a document into the pixel matrix of 35 
the above-mentioned display unit In the image read 
mode, the display device controls the image read 
control circuit, image data detection circuit, and the 
control light source by means of the control circuit to 
drive the segment electrode and the common elec- 40 
trode by means of the segment electrode drive circuit 
and the common electrode drive circuit based on an 
image read signal from the aforementioned image 
read control circuit, and turns on the voltage applied 
to the liquid crystals of the above-mentioned display 45 
unit by means of the control light from the above- 
mentioned control light source to read the image data 
written in the above-mentioned pixel matrix as an 
electric signal by means of the above-mentioned im- 
age data detection circuit In the image display mode, so 
the display device controls the display control circuit 
and the display illumination light source by means of 
the control circuit to drive the segment electrode and 
the common electrode by means of the segment elec- 
trode drive circuit and the common electrode drive cir- 55 
cuit based on the display signal from the above- 
mentioned display control circuit, and turns on the 
voltage applied to the liquid crystals of the above- 



mentioned display unit by means of the display illu- 
mination light from the display illumination light 
source to display an image corresponding to the 
above-mentioned display signal on the above- 
mentioned pixel matrix. With the above-mentioned 
arrangement, the display and copy operations of the 
optical image of the document on the pixel matrix of 
the above-mentioned display unit can be achieved 
under the control of the control circuit. 

Therefore, according to the present invention, a 
compact integrated image input device-integrated 
type display device concurrently having an image 
display function and a document image input func- 
tion can be provided. 

According to an embodiment, there are em- 
ployed the phase transition type liquid crystals as the 
above-mentioned liquid crystals. With the above- 
mentioned arrangement, the change of state of the 
liquid crystals according to the optical image of the 
document in the aforementioned image input mode or 
the change of state of the liquid crystals according to 
the display signal in the aforementioned image dis- 
play mode can be achieved by the change of state be- 
tween the Grandjean state and the focalconic state of 
the phase transition type liquid crystals. Further- 
more, the read of the electric signal according to the 
image data in the aforementioned image read mode 
can be achieved, when a pulse is applied to one elec- 
trode of the electrodes interposing therebetween the 
above-mentioned phase transition type liquid crys- 
tals, by detecting the voltage signal induced at the 
other electrode. 

Therefore, according to the present invention, a 
compact integrated image input device-integrated 
type display device concurrently having an image 
display function and a document image input func- 
tion can be easily achieved. 

According to an embodiment, there are em- 
ployed n-type cholesteric liquid crystals, liquid crys- 
tals formed by mixing n-type cholesteric liquid crys- 
tals with n-type nematic liquid crystals, or smectic-A 
liquid crystals as the aforementioned liquid crystals. 
With the above-mentioned arrangement, the change 
of state of the liquid crystals according to the optical 
image of the document in the aforementioned image 
input mode orthe change of state of the liquid crystals 
according to the display signal in the aforementioned 
image display mode can be achieved by the change 
of state between the Grandjean state and the focal- 
conic state of the n-type cholesteric liquid crystals, 
liquid crystals formed by mixing n-type cholesteric liq- 
uid crystals with n-type nematic liquid crystals, or 
smectic-A liquid crystals. Furthermore, the read of 
the electric signal according to the image data in the 
aforementioned image read mode can be achieved, 
when a pulse is applied to one electrode of electrodes 
interposing therebetween the above-mentioned n-ty- 
pe cholesteric liquid crystals, liquid crystals formed 
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by mixing n-type cholesteric liquid crystals with n-ty- 
pe nematic liquid crystals, or smectic-A liquid crys- 
tals, by detecting the voltage signal induced at the 
other electrode. 

Therefore, according to the embodiment, a com- 5 
pact integrated image input device-integrated type 
display device concurrently having an image display 
function and a document image inputfunction can be 
easily achieved. 

According to the image input device- integrated 10 
type display device, there is provided a polarizer for 
controlling the polarization direction of only the light 
which enters from the side of the electrode which is 
one of the segment electrode and the common elec- 
trode of the display unit and is not electrically con- 15 
nected to the photoconductor before the light reaches 
the above-mentioned photoconductor. With the 
above-mentioned arrangement, the resistance of the 
photoconductor is controlled by the incident light from 
the above-mentioned electrode which is not electri- 20 
cally connected to the photoconductor by a combina- 
tion of the polarization direction of the light which en- 
ters from the side of the above-mentioned electrode 
which is not electrically connected to the photocon- 
ductor and the polarizing element of the aforemen- 25 
tioned polarizer, with which the turning-on and turn- 
ing-off of the voltage applied to the liquid crystals can 
be controlled. 

Therefore, an improved operability can be ach- 
ieved in the image display operation and the docu- 30 
ment image input operation in the compact integrated 
image input device-integrated type display device 
concurrently having an image display function and a 
document image input function. 

According to an embodiment, there are employed 35 
ferroelectric liquid crystals as the liquid crystals for 
use in a display unit having the aforementioned polar- 
izer. With the above-mentioned arrangement, the 
change of state of the liquid crystals according to the 
optical image of the document in the aforementioned 40 
image input mode or the change of state of the liquid 
crystals according to the display signal in the afore- 
mentioned image display mode can be achieved by 
the change of the alignment direction of the above- 
mentioned ferroelectric liquid crystals. 45 

Therefore, according to the embodiment, there . 
can be easily achieved an image input device-inte- 
grated type display device which can control the turn- 
ing-on and turning-off of the voltage applied to the liq- 
uid crystals by the incident light from the electrode 50 
which Is one of the aforementioned segment elec- 
trode and the common electrode and is not electrical- 
ly connected to the photoconductor. 

According to an embodiment, the aforemen- 
tioned image data detection circuit in the image input 55 
device-integrated type display device in which the 
aforementioned ferroelectric liquid crystals are in- 
serted is designed to detect the quantity of electric 



charges charged according to image data at the is- 
land electrode in the aforementioned display unit. 
Meanwhile, the aforementioned control light source 
is designed to be able to scan one by one each elec- 
trode which is one of the segment electrode and the 
common electrode and is not electrically connected 
to the photoconductor. Furthermore, the control cir- 
cuit is designed to detect the quantity of electric 
charges charged at the island electrode of the pixel 
relevant to one segment electrode or the common 
electrode selected by being irradiated by light from 
the aforementioned control light source in the image 
read mode to read the image data written in the 
above-mentioned pixel matrix as an electric signal. 
With the above-mentioned arrangement, the image 
data of the pixel matrix of the display unit employing 
the aforementioned ferroelectric liquid crystals can 
be easily read as an electric signal. 

According to an embodiment, there is provided 
an input pen which emits light from a light source 
through its tip end. Meanwhile, the control circuit is 
designed to control the aforementioned image input 
control circuit and the control light source in the pen 
input mode to put the pixel matrix of the aforemen- 
tioned display unit into the initial state and then drive 
the segment electrode and the common electrode by 
means of the segment electrode drive circuit and the 
common electrode drive circuit according to the 
aforementioned image input signal while turning on 
the voltage applied to the liquid crystals of the afore- 
mentioned display unit by means of the light from the 
above-mentioned input pen to change the alignment 
direction of the liquid crystals of the relevant pixel of 
the aforementioned pixel matrix. With the above- 
mentioned arrangement, an image can be input to 
the pixel matrix of the above-mentioned display unit 
by means of the above-mentioned input pen. 

Therefore, according to the embodiment, a com- 
pact integrated image input device-integrated type 
display device concurrently having an image display 
function, a document image inputfunction, and a pen 
input function can be provided. 

According to an embodiment, there is provided a 
micro lens on one of the two transparent substrates 
of the aforementioned display unit. With the above- 
mentioned arrangement, light which enters from the 
side of the transparent substrate at which the micro 
lens is not provided, and is irradiated on the above- 
mentioned display unit can be converged. 

In more detail, according to the embodiment, a 
sufficient quantity of light can be irradiated on the 
aforementioned photoconductor even when the 
document illumination light or the light emitted from 
the input pen is reduced at the time when it is reflect- 
ed, for example, in the aforementioned image input 
mode or the pen input mode. With the above- 
mentioned arrangement, the brightness data of the 
document and the position data of the input pen can 
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be accurately written into the aforementioned pixel 
matrix. 

According to an embodiment, at least one of the 
transparent substrates of the aforementioned display 
unit is constructed so that optical fibers each having 
a specified length are arranged two-dimensionally to 
constitute a plate-shaped optical fiber array of which 
axial direction is in the thickness direction of the opt- 
ical fiber array. With the above-mentioned arrange- 
ment the light which enters from the side of the opt- 
ical fiber array travels through the above-mentioned 
optical fibers of the corresponding pixel in the axial 
direction of the optical fibers. 

Therefore, according to the embodiment, an im- 
age input device-integrated type display device capa- 
ble of efficiently executing the operation of each of 
the aforementioned modes without cross-talk be- 
tween pixels constituting the pixel matrix of the 
above-mentioned display unit nor loss in quantity of 
light. 

According to an embodiment, the aforemen- 
tioned display illumination light source, document il- 
lumination light source, and control light source are 
provided by one plate-shaped light source, and a side 
portion of the plate-shaped light source is pivotally 
mounted to a side portion of the aforementioned dis- 
play unit. With the above-mentioned arrangement, 
the above-mentioned display unit can be illuminated 
by the above-mentioned one plate-shaped light 
source from the front side or the back side of the dis- 
play unit at need. 

Therefore, according to the embodiment, the dis- 
play illumination light source, document illumination 
light source, and control light source can be concur- 
rently served by only one plate-shaped light source to 
allow an integrated image input device- integrated 
type display device concurrently having at least an 
image display function and a document image input 
function to be further compacted. 

The invention being thus described, it will be ob- 
vious that the same may be varied in many ways. 
Such variations are not to be regarded as a departure 
from the spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled in 
the art are intended to be included within the scope 
of the following claims. 



Claims 

1. An image input device-integrated type display 
device comprising: 

a display unit (1) having a plurality of trans- 
parent segment electrodes (X) arranged in paral- 
lel with each other on a transparent substrate 
(29); a plurality of transparent common electro- 
des (Y) arranged in parallel with each other on 
another transparent substrate, said common 



electrodes (Y) being perpendicular to said seg- 
ment electrodes (X), a photoconductor (22) elec- 
trically connected to either the segment elec- 
trode (X) or the common electrode (Y) and ar- 
5 ranged in a pixel composed of an area of intersec- 
tion between the segment electrode (X) and the 
common electrode (Y), a transparent island elec- 
trode (23) electrically connected to the photocon- 
ductor (22) and arranged in between the seg- 
10 ment electrode (X) and the common electrode 
(Y) relevant to the pixel, liquid crystals (21) inter- 
posed between the island electrode (23) and an 
electrode which is one of the segment electrode 
(X) and the common electrode (Y) and is not elec- 
ts trically connected to the photoconductor (22), 
and a light shielding film (25) for shielding only 
light applying on the side of the electrode which 
is one of the segment electrode (X) and the com- 
mon electrode (Y) and is not electrically connect- 
20 ed to the photoconductor (22) so that the light 
does not reach the photoconductor (22); 

a display illumination light source (11) 
which radiates display illumination light in dis- 
playing an image on a pixel matrix composed of 
25 areas of intersections between the plural seg- 
ment electrodes (X) and the plural common elec- 
trodes (Y) of the display unit (1); 

a document illumination light source (11) 
which radiates document illumination light in 
30 copying an optical image of a document into the 
pixel matrix of the display unit (1); 

a control light source (11) which radiates 
control light for optically controlling turning-on 
and turning-off of a voltage to be applied to liquid 
35 crystals (21) of the display unit (1); 

a display control circuit (6) which gener- 
ates a display signal for displaying an image on 
the pixel matrix of the display unit (1); 

an image input control circuit (8) which 
40 generates an image input signal for copying an 
optical image of the document into the pixel ma- 
trix of the display unit (1); 

an image read control circuit (7) which 
generates an image read signal for reading im- 
45 age data written in the liquid crystals (21) of each 
pixel constituting the pixel matrix of the display 
unit (1) in the form of an electric signal; 

a segment electrode driving circuit (3) 
which drives the segment electrode (X) based on 
so the display signal from the display control circuit 
(6), the image input signal from the image input 
control circuit (8), or the image read signal from 
the image read control circuit (7); 

a common electrode driving circuit (2) 
55 which drives the common electrode (Y) based on 
the display signal from the display control circuit 
(6), the image input signal from the image input 
control circuit (8), or the image read signal from 

25 
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the image read control circuit (7); 

an image data detection circuit (9) which 
detects the image data written in the pixel matrix 
of the display unit (1) in the form of an electric sig- 
nal; and 5 

a control circuit (13) which copies the opt- 
ical image of the document into the pixel matrix 
by controlling the image input control circuit (8), 
the document illumination light source (11), and 
the control light source (11) in an image input 10 
mode, reads the image data written in the pixel 
matrix in the form of an electric signal by control- 
ling the image read control circuit (7), the image 
data detection circuit (9), and the control light 
source (11) in an image read mode, and displays is 
an image on the pixel matrix by controlling the 
display control circuit (6) and the display illumin- 
ation light source (11) in an image display mode. 

2. An image input device-integrated type display 20 
device as claimed in Claim 1, wherein 

phase transition type liquid crystals (21) 
having a storage function are used as the liquid 
crystals (21). 

25 

3. An image input device- integrated type display 
device as claimed in Claim 1, wherein 

n-type cholesteric liquid crystals, liquid 
crystals formed by mixing n-type cholesteric liq- 
uid crystals with n-type nematic liquid crystals, or 30 
smectic-A liquid crystals having a storage func- 
tion are used as the liquid crystals (21). 

4. An image input device-integrated type display 
device comprising: 35 

a display unit (1 ) having a plurality of trans- 
parent segment electrodes (X) arranged in paral- 
lel with each other on a transparent substrate 
(29); a plurality of transparent common electro- 
des (Y) arranged in parallel with each other on 40 
another transparent substrate (28), said common 
electrodes (Y) being perpendicular to said seg- 
ment electrodes (X), a photoconductor (22) elec- 
trically connected to either the segment elec- 
trode (X) or the common electrode (Y) and ar- 45 
ranged in a pixel composed of an area of intersec- 
tion between the segment electrode (X) and the 
common electrode (Y), a transparent island elec- 
trode (23) electrically connected to the photocon- 
ductor (22) and arranged in between the seg- so 
ment electrode (X) and the common electrode 
(Y) relevant to the pixel, liquid crystals (51) inter- 
posed between the island electrode (23) and an 
electrode which is one of the segment electrode 
(X) and the common electrode (Y) and is not elec- 55 
tricaliy connected to the photoconductor (22), 
and a polarizer (52) for controlling a polarization 
direction of only light applying on a side of the 



electrode which is one of the segment electrode 
(X) and the common electrode (Y) and is not elec- 
trically connected to the photoconductor (22), 
said light being to able to reach the photoconduc- 
tor (22) when the light passed through the polar- 
izer (52); 

a display illumination light source (11) 
which radiates display illumination light in dis- 
playing an image on a pixel matrix composed of 
areas of intersections between the plural seg- 
ment electrodes (X) and the plural common elec- 
trodes (Y) of the display unit (1); 

a document illumination light source (11) 
which radiates document illumination light in 
copying an optical image of a document into the 
pixel matrix of the display unit (1); 

a control light source (11) which radiates 
control light for optically controlling turning-on 
and turning-off of a voltage to be applied to liquid 
crystals (51) of the display unit (1); 

a display control circuit (6) which gener- 
ates a display signal for displaying an image on 
the pixel matrix of the display unit (1); 

an image input control circuit (8) which 
generates an image input signal for copying an 
optical image of the document into the pixel ma- 
trix of the display unit (1); 

an image read control circuit (7) which 
generates an image read signal for reading im- 
age data written in the liquid crystals (51) of each 
pixel constituting the pixel matrix of the display 
unit (1) in the form of an electric signal; 

a segment electrode driving circuit (3) 
which drives the segment electrode (X) based on 
the display signal from the display control circuit 
(6), the image input signal from the image input 
control circuit (8), or the image read signal from 
the image read control circuit (7); 

a common electrode driving circuit (2) 
which drives the common electrode (Y) based on 
the display signal from the display control circuit 
(6), the image input signal from the image input 
control circuit (8), or the image read signal from 
the image read control circuit (7); 

an image data detection circuit (9) which 
detects the image data written in the pixel matrix 
of the display unit (1 ) in the form of an electric sig- 
nal; and 

a control circuit (13) which copies the opt- 
ical image of the document into the pixel matrix 
by controlling the image input control circuit (8), 
the document illumination light source (11), and 
the control light source (11) in an image input 
mode, reads the image data written in the pixel 
matrix in the form of an electric signal by control- 
ling the image read control circuit (7), the image 
data detection circuit (9), and the control light 
source (11) in an image read mode, and displays 
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an image on the pixel matrix by controlling the 
display control circuit (6) and the display illumin- 
ation light source (11) in an image display mode. 

5. An image input device- integrated type display 
device as claimed in Claim 4, wherein 

ferroelectric liquid crystals (51) are used 
as the liquid crystals (51). 

6. An image input device- integrated type display 
device as claimed in Claim 5, wherein 

the image data detection circuit (9) de- 
tects a quantity of electric charges charged ac- 
cording to the image data at the island electrode 
(23) of each pixel constituting the pixel matrix of 
the display unit (1), 

the control light source (11) can irradiate 
light one by one on each electrode which is one 
of the segment electrode (X) and the common 
electrode (Y) and is not electrically connected to 
the photoconductor (22), and 

the control circuit (13) reads the image 
data written in pixel matrix in the form of an elec- 
tric signal by detecting a quantity of electric 
charges charged at the island electrode (23) of 
the pixel relevant to the one segment electrode 
(X) or common electrode (Y) which is selected by 
being irradiated by light of the control light source 
(11) in the image read mode. 

7. An image input device- integrated type display 
device as claimed in Claim 1 f further comprising 
an input pen (10) which has a light source (41) 
and emits light from the light source (41) out- 
wardly through its tip end, and wherein 

the control circuit (13) controls the image 
input control circuit (8) and the control light 
source (11) in a pen input mode to allow an image 
input by means of the input pen (10) to be written 
into the pixel matrix. 

8. An image input device- integrated type display 
device as claimed in Claim 4, further comprising 
an input pen (10) which has a light source (41) 
and emits light from the light source (41) out- 
wardly through its tip end, and wherein 

the control circuit (13) controls the image 
input control circuit (8) and the control light 
source (41) in a pen input mode to allow an image 
input by means of the input pen (10) to be written 
into the pixel matrix. 

9. An image input device-integrated type display 
device as claimed in Claim 1, wherein 

one of the two transparent substrates (28, 
29) of the display unit (1) is provided with a micro 
lens (27) for condensing incident light thereto. 



10. An image input device- integrated type display 
device as claimed in Claim 4, wherein 

one of the two transparent substrates (28, 
29) of the display unit (1) is provided with a micro 
5 lens (27) for condensing incident light thereto. 

11. An image input device-integrated type display 
device as claimed in Claim 1, wherein 

at least one of the two transparent sub- 
to strates (28, 29) of the display unit (1) is com- 
prised of a plate-shaped optical fiber array (61) 
where optical fibers (62) each having a specified 
length are arranged two-dimensionally with axial 
directions of the optical fibers (62) extended in a 
15 thickness direction of the optical fiber array (61). 

12. An image input device- integrated type display 
device as claimed in Claim 4, wherein 

at least one of the two transparent sub- 
20 strates (28, 29) of the display unit (1) is com- 
prised of a plate-shaped optical fiber array (61) 
where optical fibers (62) each having a specified 
length are arranged two-dimensionally with axial 
directions of the optical fibers (62) extended in a 
25 thickness direction of the optical fiber array (61). 

13. An image input device- integrated type display 
device as claimed in Claim 1, wherein 

the display illumination light source (11), 
30 the document illumination light source, and the 
control light source are comprised of one plate- 
shaped light source (11), and aside portion of the 
plate-shaped light source (11) is pivotally mount- 
ed to a side portion of the display unit (1). 

35 

14. An image input device- integrated type display 
device as claimed in Claim 4, wherein 

the display illumination light source, the 
document illumination light source, and the con- 
40 trol light source are comprised of one plate- 
shaped light source (11), and aside portion of the 
plate-shaped light source (11) is pivotally mount- 
ed to a side portion of the display unit (1). 

45 15. A device which is selectively operable in a first 
mode for image input by light illumination, and a 
second mode for image display by the applica- 
tion of electrical signals, the device comprising: 
a first set of parallel elongate transparent 

so electrodes; 

a second set of parallel elongate transpar- 
ent electrodes spaced from and extending trans- 
verse to the electrodes of said first set to define 
an array of pixel areas at their crossing points; 

55 a corresponding array of transparent is- 

land electrodes which are electrically unconnect- 
ed to each other and are disposed at the respec- 
tive pixel areas between the first and second 
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sets of elongate electrodes; 

a corresponding array of photoconductive 
elements Interconnecting the respective island 
electrodes and the electrodes of said first set, so 
that each line of said photoconductive elements 5 
connects a corresponding line of island electro- 
des to a respective said electrode of the first set; 

a display medium disposed between said 
island electrodes and the second set of elongate 
electrodes; w 

means operable in the second mode to il- 
luminate all of the photoconductive elements so 
that display control signals applied to the first 
elongate electrodes are applied to the island 
electrodes; and 15 

means operable in the first mode to apply 
a predetermined image input voltage to said first 
electrodes, and to selectively illuminate the pho- 
toconductive elements so as to cause said image 
input voltage to be applied to imagewise selected 20 
island electrodes. 
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